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This dissertation study investigated the efficacy of a multi-component
intervention package delivered via an online learning tool on math fluency for
prerequisite algebra skills for three 6th-grade students. Students were referred by their
math teacher due to concerns with academic performance. Target skills were
individualized for each student based on screening assessments and measured
continuously during both baseline and intervention. The multiple-probe across skills
design demonstrated that students increased their math fluency on prerequisite skills. A
staggered pattern of increases across skills for two participants indicated experimental
control was achieved and student’s performance improved. The Quizlet® intervention
package provided meaningful practice opportunities, immediate feedback, and prompting
and modeling leading to increased performance on prerequisite algebra probes. For one
participant there was no treatment effect. Discussion focuses on the potential utility of
interventions delivered via technological applications for secondary education
populations. Limitations are addressed and areas for future research are discussed.
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Chapter 1: Introduction and Literature Review
Overview
In 2020 the National Assessment of Educational Progress (NAEP) reported that
only 27% of twelfth-grade students were at or above proficiency in math (U.S.
Department of Education, 2020). The U.S. Department of Education defines math
proficiency for high school students as the successful completion of an algebra course by
the end of high school. Algebra is not only a marker for math proficiency but is linked to
success in future coursework both in high school and college (National Mathematics
Advisory Panel, 2008; U.S. Department of Education, 1997). Students who successfully
complete Algebra II in high school are twice as likely to graduate from college than
students who fail to complete the course (National Math Advisory Panel, 2008). Algebra
has been described as the bridge to future success due to its foundational role in both
advanced math as well as many related subject areas such as science, engineering, and
technology; it also has implications for future careers and life skills (Stewart & Reeder,
2017). Proficiency in math predicts later academic achievement and success after high
school more than any other skill (Duncan et al., 2007; Burns et al., 2015). This is evident
beginning as early as second grade, when algebra content is linked to math and science
curricular objectives.
Algebra is connected to many higher-level curricular tasks (e.g., calculus,
engineering, biology, chemistry; U.S. Department of Education, 1997) and future success
in advanced grades and beyond (i.e., admittance to college, careers in STEM fields,
improved performance on assessments; Wang & Goldschmidt, 2003). Furthermore,
advanced high school and college students with a weak foundation in algebra appear to

2
struggle with solving a variety of mathematics problems (Stewart & Reeder, 2017).
Outside of the classroom setting, a basic understanding of algebraic procedures is
necessary for a variety of pertinent life skills such as computing the interest paid on a
loan, calculating a tip on a bill, and determining the miles per gallon on a trip (Philips,
2007).
Researchers have indicated that students who are successful in entry level algebra
courses have developed fluency with various prerequisite skills. According to the
Common Core State Standards for Mathematics (CCSSM) (CCSSO, 2010), by the
eighth-grade students should be fluent in the use and application of various math skills
including radicals and integer exponents, identifying functions, linear equations, and
understanding proportional relationships. Additionally, Welder (2007) classified critical
component skills of algebra that they identify proficiency on is pertinent to success with
algebra content, including number and numerical operations, ratios and proportions,
equality, and graphing. Students who demonstrate fluency in prerequisite skills are more
likely to acquire advanced skills and are more likely to be successful with complex math
tasks when compared to students who lack fluency with such skills (Cates & Ryhmer,
2003; Skinner et al., 2005; Welder, 2007). Students who fail to attain proficiency in
algebra by the end of high school likely lack fluency with one or more of these
prerequisite skills. Failure to attain fluency on component mathematical skills (i.e.,
multiplication, fractions, decimals) occurs for a variety of reasons: some are skill related,
such as failure to acquire prerequisite skills, while some are motivational, such as
avoidance of difficult tasks. Considerable research has been done to identify effective
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interventions for early math proficiency; however, few studies have found efficient and
effective interventions for prerequisite algebra skills in secondary education.
Effective instructional models such as Direct Instruction (DI) and Precision
Teaching (PT) have been successful in part due to explicit design principles and
strategies such as isolating skills and strategic use of modeling, repeated practice, and
feedback. These strategies are well supported in the academic intervention literature for
basic skills in math (e.g., basic fact computation, fractions, decimals). They may also be
appropriate for remedial interventions at the secondary level. Delivering remedial
interventions at the secondary level, however, can be challenging. Middle- and highschool students experience frequent classroom transitions and receive instruction from a
variety of individuals. In addition, the complexity of tasks increases and independent
work (i.e., homework, studying) becomes more vital to the development of subsequent
skills and eventually successful completion of course examinations. The rigors of the
curriculum, which is often well above the level of students in need of remedial
intervention, make it difficult to find time, resources, and individuals to deliver
individualized interventions. Technological resources such as phones, tablets, and
portable devices, and the use of web-based applications (i.e., online computer games,
instruction-based applications) may be one way to address these challenges.
The purpose of this study is to examine the efficacy of an algebra intervention that
incorporates an online learning tool (QuizletÒ) for improving foundational prerequisite
algebra skills. The intervention was designed to increase accuracy and fluency with
prerequisite component algebra skills (i.e., decimals, integers, fractions, etc.).
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Algebra
Algebra is broadly defined as a division of mathematics in which symbol
manipulation is used in both expressions and equations (Kieran, 1992; Kieran, 2007;
Maccini, et al., 1999). The definition of algebra has evolved over time to emphasize the
use of patterns and structures to evaluate the relationship between variables (Kieran,
2007: Litke, 2019). In an algebraic equation mathematical parts are manipulated and
adjusted through the use of patterns and structures to identify the relationship between
variables and solve for unknown variables (Witzel et al., 2003). Patterns and structures in
algebra refer to the arrangement of variables and operations within the constraints of the
order of operations as well as the properties of the operations (e.g., commutativity and
associativity) and relationships between operations (e.g., distributivity; Kieran, 1990).
For example, the structure of an algebraic expression allows for “2(x + 3) + 1” to be
expressed equivalently as “2x + 7.” Additionally, the structure of an equation may refer
to the balance of two expressions in which an equal sign denotes the equality between the
left- and right-hand expressions (Kieran, 1990).
These patterns and structures when applied to real world situations enable
individuals to solve mathematical problems using known information to determine
unknown values, making it possible for example, to determine how many gallons of gas
are necessary for a vehicle to complete a 120-mile trip. To determine the total number of
gallons the vehicle will use an individual must manipulate known information (e.g., the
length of the trip is 120 miles; the vehicle travels 30 miles per 1 gallon) to identify the
value of the unknown information (e.g., how many gallons of gas will the vehicle need to
make the trip). Additionally, this information must be structured within the constraints of
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the properties of equality and the order of operations; once arranged in an equation,
operations performed on one side must also be performed on the other side. Once all parts
are placed into an equation the variables can be manipulated to solve for the unknown
quantity (i.e., total gallons of gas) which can be represented by a symbol (i.e., x = total
gallons of gas). Other typical real-world examples include comparing the cost between
items, determining the cost of individual items, establishing a rate, and determining the
cost of gas.
Further, when students are able to identify a pattern in an algebraic equation and
apply that pattern to unknown variables they are better equipped to solve equations, make
predictions, and verify patterns. To be successful, students must be able to identify the
type of problem being presented (i.e., time-rate, missing value, quantity comparison) and
select appropriate computations to solve such a problem. The algebra student must
perform several complex computations with varying degrees of difficulty, at times
simultaneously (Rakes et al., 2010). To become proficient in algebra Fey and Smith
(2017) acknowledged four key technical skills and dispositions students should possess:
(1) the disposition to identify quantitative variables and relationships among variables,
(2) a repertoire of common patterns to look for, (3) ability to represent those relationships
in differing forms (i.e., graphs, data tables, symbolic expressions) and (4) the ability to
draw inferences from relationships between variables.
The National Math Advisory Panel (NMAP; 2008) classified five major
components of algebra curricula: (1) symbols and expressions, (2) linear equations, (3)
quadratic equations and polynomials, (4) functions, and (5) finite probability. The
National Teachers of Mathematics (NCTM; 2000) also divided algebra content into four
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overarching concepts: functions, algebraic symbols, mathematical modeling, and
analyzing change. These topics are commonly split between Algebra I and Algebra II
courses and may also be addressed in other courses such as Geometry and Trigonometry
(Walick & Burns, 2017).
One of the first algebraic skills students learn is the manipulation of symbols, in
which symbols represent numbers and express mathematical relationships (Kieran, 2013).
Students are required to learn a language of mathematical symbols which they have not
experienced in previous math courses (Rakes et al., 2010). This symbolic language
requires students to alter previous representations of symbols (i.e., letters are initially
acquired as units of language and speech but now represent an unknown numerical value)
and perform mathematical operations on these symbols (e.g., solve for y in 3y + 7 = 10;
Maccini, McNaughton & Ruhl, 1999). Researchers suggest that students struggle with
understanding the use of letters as symbols in equations (Nataraj & Thomas, 2017).
While traditional views of algebra curricula focused on symbols and the
procedures for manipulating symbolic expressions, equations, and inequalities, a shift has
recently occurred to expand the focus of instruction to functions (Fey & Smith, 2017).
From this perspective, algebra is seen as a way to express and reason about relationships
between changing quantities that can be expressed as functions. Fey and Smith (2017)
outlined what a function-oriented curriculum may look like for secondary education. The
curriculum could be considered a set of “stairs” in which each unit, or skill, builds upon
prior units in a sequential manner, which, when properly taught, brings cohesiveness to
the learner’s skills. Units identified in a function-focused curriculum included patterns of
change, linear functions (constant rate of change- y = mx + b; Fey & Smith, 2017),
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quadratic functions (f(x) = ax2 + bx + c), and inverse functions, with content working
towards basic concepts of calculus. Fey and Smith (2017) argue that the algebra skills of
working with functions, graphs, and rates of change are the essential foundation for later
skills like calculus.
Although basic computation skills allow a student to manipulate numbers to solve
problems (e.g., adding the cost of two items bought at the store), algebra skills enable a
student to manipulate numbers within the structure of an equation or expression to
identify rates of change (e.g., determining which package of a product is more cost
effective when cost is evaluated per item; Walick & Burns, 2017). Whereas basic
computation skills require mastery of concrete and procedural operations, algebra
requires abstract reasoning and problem-solving skills (Rakes et al., 2010; NMAP, 2008;
Natarai & Thomas, 2017). Accordingly, NMAP (2008) defined proficiency in algebra as
“a student’s ability to understand key concepts, achieve automaticity as appropriate,
develop flexible, accurate, and automatic execution of the standard algorithms, and use
these competencies to solve problems” (pp. xvii).
While considerable work has been done to identify the necessary content of an
effective algebra curriculum, many students continue to fail to achieve proficiency in
algebra with typical classroom instruction. According to the NMAP, deficits in the
acquisition of algebraic skills (e.g., symbols, functions, linear equations) may be due to a
student’s lack of fluency with pre-algebra skills. As such, effective use of symbols,
ability to use functions, and skills in analyzing change (e.g., y= 3x + 2, how does the
value of y increase or decrease based the relationship to x?) rely on more basic skill
calculations like addition, subtraction, division, and multiplication (Maccini et al., 1999;

8
Booth & Newton, 2012), which the student must be able to perform rapidly and
generalize to novel problems like solving for a value in an equation such as “10 – x = 8.”
Research in the area of algebra instruction and intervention has indicated that students
who lack proficiency with prerequisite skills have more difficulty developing fluency
with algebraic patterns and procedures and symbolic representation, two of the main
components of early algebra curricula (Booth & Newton, 2012; Knuth et al., 2006; Wu,
2001).
Decades of research have shown that fluency on prerequisite skills is necessary
for success in Algebra I (National Councils of Teachers of Mathematics, NCTM, 2006,
2014; National Math Advisory Panel, NMAP, 2008). The National Math Advisory Panel
(NMAP; 2008) recommended that students should possess procedural fluency with whole
number operations, use of rational numbers, and performing operations with fractions and
decimals prior to entering an algebra course. These skills have been shown to be critical
for algebra readiness. Furthermore, the NMAP (2008) identified three mathematical
domains in which a student should be proficient prior to beginning algebra: (a) Whole
Numbers, (b) Fractions, and (c) Particular Aspects of Geometry and Measurement,
designating them as Critical Foundations of Algebra. The NAMP (2008) stated that prior
to beginning algebra course work students should be proficient in each of these three
domains. Fluency with whole numbers refers to students’ ability to fluently use the
standard algorithms for addition, subtraction, multiplication, and division. Understanding
whole numbers includes the ability to estimate results of computations (i.e., how many
people would fit in the room). Following fluency with whole numbers, students should
develop fluency with fractions. Fluency with fractions includes the ability to identify
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positive and negative fractions on a number line, represent and compare fractions,
decimals, and related percent, and apply algorithms for computation to fractions,
decimals, and related percent. Finally, the panel emphasized a solid foundation in
geometry and measurement. They assert that students should be able to determine the
area, volume, and surface area of various shapes, in addition to finding unknown lengths
and angles. Knowledge in geometry and measurement emphasizes the use of structures
and functions to identify unknown values based on known information (e.g., finding the
area of a garden when provided with the perimeter measurements).
Although research initiatives by organizations such as, NMAP, NCTM, and
National Association of Educational Progress (NAEP) have stated fluency of
foundational skills as critical to future success in algebra, no numerical standards have
been established for fluency to date (Stocker et al., 2018). However, research indicates
that students who received early interventions targeting algebra-readiness in elementary
school were better able to generalize and represent relationships between quantities, a
significant initial component of a solid algebra curriculum (Blanton et al., 2015). Thus,
students who develop proficiency with these critical foundational skills are more likely to
be successful in Algebra I and establish proficiency in algebra prior to graduation.
Maccini, McNaughton, and Ruhl (1999) conducted a literature review of six
published studies on algebra interventions for students with learning disabilities to
identify components of successful interventions for improvements in algebra
performance. They conducted searches through ERIC and PsycINFO web database
systems to identify articles in which the effects of an instructional intervention on algebra
performance were examined. In all six studies participants were secondary and post-
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secondary students identified as having learning difficulties. They found the majority of
studies focused on instructional content related to prerequisite skills, problem solution
(i.e., how a problem is solved), and self-monitoring strategies. With regard to instruction,
they found that effective instructional strategies for algebra included modeling skills and
strategies, guided practice, feedback and reinforcement, independent practice, and
frequent assessment of skills. Based on their findings, they recommended that instruction
should focus not only on conceptual understanding but also on procedural fluency, such
that students are able to apply algebraic patterns and structures rapidly and readily to
various mathematical problems. Furthermore, they noted that a comprehensive
instructional program addressing every facet of algebra, including prerequisite skills is
vital to promoting student acquisition of more complex skills. A comprehensive
instructional program ensures that splintered understanding does not slow down
acquisition of the complex processes involved in solving algebraic mathematical
problems (Maccini et al., 1999). They conclude that many students did not reach
proficiency on previous mathematical skills such as fractions, decimals, and integers
prior to entering Algebra I. This may be due to ineffective prior instruction or a deficit in
basic fact computation (e.g., single-digit by single-digit addition). This study is an
important contribution to the literature, but much more work needs to be done, given the
ongoing problem that poor algebra skills creates for today’s secondary students.
Interventions should be tied to empirically supported principles for effective instruction,
and there seems to be a need for greater emphasis on training prerequisite skills for
successful algebra mastery.
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Effective Instructional Design
Given the vital role of algebra in the secondary curriculum and the high failure
rate among secondary students, the most important place to start in addressing this failure
rate is with instructional design. Weak instruction is likely to perpetuate or perhaps even
exacerbate the problem. Thus, it is important to turn to scientifically supported
instructional design principles and practices. It is also important to understand what to do
when a student is in need of remedial interventions. Three scientifically supported
instructional models—Direct Instruction (DI; Norris & Belfiore, 2014; Engelmann,
Becker, Carnine, & Gersten, 1988; White, 1988), explicit instruction (Hughes, Morris,
Therrien, & Benson, 2017), and Precision Teaching (PT; Johnson & Street, 2013; Binder
& Watkins, 2013; Binder, 1996; Lindsley, 1992) are useful for guiding both instruction
and remediation. The models are consistent with one another both conceptually and
procedurally, but also complement one another by emphasizing somewhat different
aspects of instructional design.
Direct Instruction
Direct Instruction (DI) is a teaching model derived from principles and practices
of applied behavior analysis. The developers of DI analyzed skill development
sequentially and created curricula and assessments (placement and mastery evaluation)
that assure students are appropriately placed and master content in small increments
(Engelmann & Carnine, 1982; Gersten, Carnine, & White, 1984). Specific DI curricula
have been developed for a variety of academic areas including math (e.g., DISTAR
Arithmetic, Kaufman, 1973; Connecting Math Concepts, Brent & DiObilda, 1994),
reading (e.g., DISTAR Reading, NIFDI, 2015; Reading Mastery, Stockard & Engelmann,
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2010), and spelling (e.g., Spelling Mastery, Lum & Morton, 1984). DI was developed in
alignment with Common Core Standards (CCS) and is based on students’ skill
proficiency rather than their age or grade level (Becker & Gersten, 1982; Adams &
Engelmann, 1996). DI lessons are carefully scripted to maximize student responding and
feedback for errors (Hughes et al., 2017; National Institute for Direct Instruction, NIFDI,
2015; Stein et al., 1998). According to the NIFDI (2015), the philosophy of DI is that "all
students, if properly taught, can learn.” Three principles of instructional design maximize
the pace of student mastery: (a) students are placed in instruction at their level; (b)
structure of the DI program is designed to ensure mastery of content; and (c) instruction
is modified to meet the rate of each students’ learning (NIFDI, 2015). DI instruction is
characterized by efficiency (Engelmann et al., 1988; Kinder & Carnine, 1991), systematic
error correction (Carnine, 1980; Gersten, 1985), and continuous assessment of student
performance.
White (1988) conducted a meta-analysis of the effects of DI on various academic
skills for students identified for special education. For this analysis White had the
following criteria: (a) treatment and control groups were compared, (b) treatment groups
received instruction or intervention based on the Engelmann and Carnine (1983) model of
DI or utilized materials developed my Engelmann, and (c) participants were identified for
special education. Studies included in the analysis investigated the effects of DI curricula
for a variety of academic and behavioral skills including reading, math, language,
spelling, social skills, writing, and health skills. Of the 25 studies included in the analysis,
no outcome measure significantly favored the control group and 53 percent of outcome
measures indicated a significant effect for DI.
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In a later review conducted by Kinder, Kubina, and Marchand-Martella (2005)
positive effects were found for DI curricula programs across academic areas (i.e.,
reading, writing, mathematics), disabilities and populations. Authors searched online data
bases (e.g., ERIC, PsycINFO) utilizing terms associated with DI, hand searched issues of
DI publications (e.g., DI News, Journal of Direct Instruction), and searched references in
key DI texts (e.g., Designing Effective Mathematics Instruction: A Direct Instruction
Approach; Stein, Silbert, & Carnine, 1997) identifying in total 45 studies conducted
between the mid-1970s to 2004. Participants across studies varied in age and grade,
although majority of the studies (n = 28) investigated the effects of DI for elementaryschool aged students and/or middle-school aged students. Authors categorized studies
into two groups based on participant type; students with high-incidence disabilities (n =
37) and low-incidence disabilities (n = 8). Kinder et al. found that for students with highincidence disabilities (e.g., learning disabilities, behavior disorders) DI was more
effective than other instructional materials for 34 of the 37 studies. For the eight studies
that included students with low-incidence disabilities (e.g., traumatic brain injury,
intellectual disabilities), DI resulted in positive effects for students included in the
review. In another analysis Hattie (2009) examined the effects of 300 studies in which DI
was implemented to improve academic performance. Hattie identified an overall effect
size of .59 indicating DI is an effective strategy for improving learning outcomes.
Although Kinder et al. (2005) and Hattie (2009) found DI to be an effective instructional
method resulting in positive results for majority of the reviewed studies, few studies
included in the analyses investigated math programs.
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Identifying the paucity of research on DI and mathematics, Flores and Kaylor
(2007) examined the effects of DI on fraction performance with middle school students
identified as struggling in mathematics. Thirty seventh-grade students participated in the
study and ranged in age from 12 to 14. All participants had previously failed (two or
more times) the annual state-designed assessment in the area of mathematics. In their
exploratory study, Flores and Kaylor examined participant performance prior to and
following the DI intervention. Prior to intervention implementation a curriculum-based
pre-test was administered to all participants. The pre-test consisted of fraction related
tasks (e.g., translating a whole number to a fraction and addition, subtraction, and
multiplication of fractions with like denominators) and was scored for accuracy of
responses. DI occurred twice a week for 7 weeks during which the 30-min session
consisted of scripted lessons from the DI program Corrective mathematics, basic
fractions (Engelmann & Steely, 2005). In each lesson teachers introduced new skills
through modeling, guided practice, and error correction. Once students demonstrated
mastery during guided practice they would begin practicing independently. Following
completion of DI, a post-test curriculum-based assessment was administered to all
participants. Results between scores on the pre- and post-test assessments was compared
to determine the effects of the DI intervention. The average performance on the pre-test
was 20% (ranging from 0-57%) and increased following intervention to an average score
of 77% (ranging from 36-100%) for the post-test. Using a paired samples t-test a
statistically significant difference was found between pre- and post-test scores (t(29) =
16.224, p = 0.005), indicating that students’ scores significantly improved on the posttest. Although these results support the effectiveness of DI to improve math performance,
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research is needed to investigate how the components of DI (e.g., systematic scaffolded
instruction, consistent and systematic error correction) could be applied to existing
curricula or guide the development of remedial interventions and supplemental
instruction.
While the current research on DI has demonstrated a positive impact on student
achievement and engagement across a variety of academic areas (e.g., Borman et al.,
2003; Datchuk, 2017; Ziegler & Stern, 2016; Meyer et al., 1983; Norris & Belfiore, 2014;
Skarr et al., 2014; White, 1988), there are multiple variables that limit the generalizability
of findings. A significant component of DI is not only the instructional strategies but the
scripted and systematic curricula. Therefore, although current literature provides positive
evidence for the efficacy of DI across various academic skills and levels of proficiency,
further research is needed to identify how components of DI could be utilized to enhance
existing curricula and interventions where the scripted curriculum is not available.
Explicit Instruction
Based on the strong empirical support for the positive effects of DI, Hughes,
Morris, Therrien and Benson (2017) analyzed the effective teaching literature more
broadly through the lens of DI’s principles of curriculum design to examine whether
those principles could also be found in the effective teaching literature separate from the
published DI curricula. Hughes et al. (2017) referred to instructional strategies that were
consistent with DI principles “explicit instruction.” Although explicit instruction shares
instructional components with DI, a significant difference is that while DI includes
curriculum and instructional strategies, explicit instruction focuses only on the
instructional strategies (Hughes et al., 2017). Broadly defined, explicit instruction is a
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structured, systematic, and scaffolded instructional design and delivery approach which is
characterized by consistent and strategic use of modeling, guided practice, independent
practice, and corrective feedback (Archer & Hughes, 2010, Hughes et al., 2017; Goeke,
2009; Hall & Vue, 2004).
Hughes et al. (2017) conducted an extensive review of the literature on explicit
instruction to identify essential instructional components. They conducted a search on
Google Scholar, ProQuest, and ERIC to identify journal articles related to explicit
instruction. The descriptors used in the search included “explicit instruction,” “explicit
training,” “explicit direct instruction,” and “learning disabilities.” In addition to searching
the databases they conducted a search of nine different journals which frequently publish
on the topic of learning disabilities. Hughes et al. found a total of 68 publications
between 2000 and 2016 that included a definition or list of instructional components
referred to as explicit instruction. Based on the results, Hughes et al. identified five
“essential” instructional components of explicit instruction which appeared in 75% of the
publications: (1) segmenting complex skills, (2) use of modeling to promote
understanding, (3) systematic fading of prompts to increase engagement, (4) frequent
opportunities for student responding and feedback, and (5) purposeful practice
opportunities. When compared to less guided or supportive instructional methods (e.g.,
discovery learning), the explicit instruction components led to increases in academic
performance for skills that participants had previously struggled to learn. In addition to
the five “essential” components, Hughes et al. also identified “common” components of
explicit instruction found in 50 to 74 percent of publications. “Common” components of
explicit instruction included logically sequencing skills, ensuring students have
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prerequisite skills, and providing a wide range of examples and nonexamples. Hughes et
al. concluded that explicit instruction improves student performance by structuring
practice opportunities to evoke frequent, accurate responses through scaffolding and
systematic feedback and error correction (Hughes et al., 2017).
Multiple studies have demonstrated the effectiveness of explicit instruction to
increase academic performance across skills, grades, level of proficiency, and disability
status (Baker et al., 2014; Gersten et al., 2009; Graham et al., 2012; Seigler et al., 2010;
Star et al., 2015; Woodward et al., 2012). In various meta-analyses of instructional
components researchers have shown the significant effects of explicit instruction methods
to improve mathematics performance. For example, Gersten et al. (2009) analyzed 41
studies examining the effects of various interventions on the math performance of
students with math learning disabilities. Results indicated that explicit instruction
produced significant changes in participant mathematic performance. In another metaanalysis Baker, Gersten, and Lee (2002) examined the effects of math intervention
programs and instructional frameworks for low achieving students. Students were
identified as low achieving through teacher nomination and/or a measure of math
performance. Of the 15 studies included in the analysis, four studies examined the effects
of an intervention or supplemental instruction based on the principles of explicit
instruction. Based on their results, Baker et al. identified a number of common
components of explicit instruction across studies, including (a) teaching concepts and
principles explicitly through modeling, (b) guided practice, (c) error correction, (d)
providing a wide range of examples and nonexamples, and (e) providing extensive
review of previously instructed concepts. The weighted effect size for explicit instruction
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was .58, indicating that explicit instruction and interventions based on principles of
explicit instruction overall had a moderately strong effect on the mathematics
achievement of at-risk students.
The research to date indicates that explicit instruction is an effective approach to
designing instruction to improve academic performance and more specifically
mathematics performance. Assorted studies have examined the effects of explicit
instruction to improve math performance. For example, Witzel, Mercer, and Miller
(2003) found that students who received explicit instruction in solving algebraic
equations outperformed their peers who received traditional classroom instruction. In
another study Doabler et al. (2015) investigated the relationship between explicit
mathematics instruction and student mathematic achievement. Doabler et al. conducted
various observations in kindergarten classrooms to document the frequency of explicit
instructional interactions during mathematics instruction. Results suggest that explicit
instruction that provides students with increased opportunities to verbalize responses
individually and physically demonstrate mathematical knowledge was associated with
increased achievement on measures of early mathematics ability (i.e., Test of Early
Mathematics Ability- Third Edition, Early numeracy curriculum-based measurement).
Satsangi, Hammer, and Hogan (2018) compared the effects of two different
instructional strategies, video modeling and explicit instruction, to improve mathematics
performance. The participants were three high-school students identified with learning
disabilities in mathematics who were referred by their teachers for intervention. Video
modeling and explicit instruction were each utilized to provide instruction to students on
how to solve geometry word problems. Video modeling sessions were approximately 5-
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min long and consisted of a voiceover narration which provided instruction while using
second person point-of-view language. Explicit instruction lessons were also
approximately 5-min in length, during which a researcher taught students to solve a
problem using modeling, guided practice, independent practice and error correction and
feedback. Satsangi et al. used an alternating-treatments design across students to compare
the effects of each intervention on four dependent variables: (1) percentage of correctly
solved geometry word problems per session, (2) the percentage of steps within each
problem completed independently, (3) the total time needed to complete problems per
session, and (4) the responses from a social validity measure. This study was conducted
in three phases, baseline, intervention, and best treatment. During the intervention phase
students received alternating sessions of video modeling and explicit instruction. Because
of the potential for multi-treatment interference influencing the results when an
alternating-treatments design is used, Satsangi et al. conducted a separate “best
treatment” phase following the experimental analysis to determine treatment effects when
the best treatment was not being alternated with the other treatment condition. Best
treatment referred to the implementation of the intervention found to be most efficacious
during intervention. This intervention was selected based on the highest calculated
percent accuracy average.
Eighteen unique assessments were conducted to assess student performance
across all three phases of the study. Each assessment contained one geometry word
problem that required the same number of steps to solve for the solution (i.e., three steps)
and required similar computations (e.g., addition, square roots). All assessment items
were identical in both format and content to the items presented during the video
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modeling and explicit instruction lessons. Data were analyzed through visual analysis, an
overlap measure, and effect sizes. Satsangi et al. found that all three participants scored
above their baseline levels across all intervention and best treatment sessions. When
comparing intervention accuracy scores, explicit instruction earned higher average
accuracy scores for two of the three participants. For the third participant video modeling
and explicit instruction produced equal average accuracy scores. The Tau-U effect size
for each strategy was 1.0, indicating each intervention had a large effect on math
performance. These results indicate that although both interventions led to increases in
math performance, explicit instruction resulted in more consistent improvements across
participants over time than video-modeling. They pointed out that where results were
similar across treatment conditions similarities in core elements such as modeling, guided
practice, and the use of visual representations may have been the most significant factors
in treatment efficacy. Although these results are promising, it is unclear whether the
newly learned skills could then be generalized by the learners to learning more complex
skills more efficiently, a generalization issue.
In sum, explicit instruction improves student performance by providing students
with frequent, meaningful opportunities to respond during which they receive consistent
feedback and error correction. According to the principles of explicit instruction,
scaffolding instruction increases acquisition of skills and the systematic removal of
prompts leads to increases in fluency. Despite the considerable research indicating the
effectiveness of explicit instruction, few studies have examined the effects of explicit
instructional strategies for prerequisite skills to improve performance on complex tasks.
Therefore, although research has demonstrated the positive effect of explicit instruction,
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we do not know whether newly learned skills help students improve with related but
more difficult skills.
Precision Teaching
Precision Teaching (PT) is an instructional design model that complements DI
and explicit instruction by strongly emphasizing fluency building through repeated
practice, error-correction procedures, timed drills, and repeated measurement of skills
(Binder, 1996; Johnson & Street, 2013; Lindsley, 1990; Johnson & Layng, 1992;
Pennypacker et al., 1972). According to the instructional design principles of PT, fluency
is developed through frequency-based practice and consistent feedback. Fluency refers to
a learner’s ability to respond both accurately and rapidly (Binder, 1996; Johnson &
Street, 2012). A pillar of PT is the emphasis on frequency-based practice (Johnson &
Layng, 1992), which leads to increases in opportunities to respond when compared to
alternative instructional designs. Thus, critical components of PT include behavior
frequency measures and frequent collection of performance data to inform decision
making (Pennypacker et al., 1972; Weisenburgh-Snyder et al., 2015). Continuous
charting indicates even discrete changes in level or trend, enabling both teachers and
students to make critical decisions regarding academic performance and future
instruction. PT not only establishes a model of instruction or intervention, it functions as
a measurement system to facilitate decision making and assess current performance
(Binder, 1996; Stocker et al., 2018).
Based on the instructional principles of PT, both basic computation as well as
more complex skills can improve through the use of fluency building (Binder, 1996).
Complex skills (e.g., algebra) are made up of composite skills (e.g., multiplication,
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addition, properly applying the order of operations, manipulating decimals, fractions, and
percent), which, when trained to high fluency levels, increase the efficiency with which
complex skills can be mastered (Binder, 1996; Johnson & Layng, 1992). The emphasis of
this model therefore is frequency-based practice with composite skills. This perspective is
consistent with current views on effective algebra instruction and intervention in which
fluency with prerequisite skills is seen to be critical for developing proficiency with
harder algebraic tasks. Take for example the basic algebraic equation: “solve for x given
that 2x – 3 = 7.” This equation can be broken down into multiple independent tasks, each
of which must be solved accurately and rapidly to solve for x. Some of the component
parts of this equation include (a) identifying and utilizing properties of equality to keep
each side of the equation balanced, (b) adding 3 to 7, and (c) dividing 10 by 2. The
learner must then combine all these component skills in a fluent repertoire to solve for x
in the proper sequence of tasks. If a student was able to complete all the component skill
to solving this equation but performed division prior to addition, the answer would be
incorrect. Students must therefore not only use component skills accurately to solve the
equation, they must perform each component skill fluently and in the correct order. PT
would prescribe fluency building with each component skill before teaching the
operations to solve the composite skill (Binder, 2010; Merbitz, ViEitez, Hansen Merbitz,
& Pennypacker, 2004; Weisenburgh-Snyder et al., 2015). When students have fluent
component skills, learning subsequent related skills may occur more rapidly when
compared to students who lack such skills (Johnson & Street, 2004). Furthermore,
individuals who are fluent with basic skills are more likely to engage in complex tasks
(Skinner, Pappas, & Davis, 2005).
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Morningside Academy, a private school for children in Kindergarten through 10th
grade with learning and attention problems in Seattle, Washington, represents the largest
demonstration site of fluency-based instruction based on principles of DI and PT
(Johnson & Layng, 1994; Lindsley, 1992). Johnson and Layng (1994) referred to their
model as the Morningside Model of Generative Instruction. Using DI and fluencybuilding instruction, their goal is to accelerate student growth by making harder and more
complex skills in the curriculum easier for students as a result of establishing high levels
of proficiency with prerequisite skills. Students at the Morningside Academy receive
direct instruction in reading, writing, and math. Following DI lessons students practice
these skills using techniques derived from the PT model of instruction to build skills to
fluency (Johnson, 1997). Since its establishment students at the Morningside Academy
typically gain an average of 2.5 grade levels per school year (Johnson, 1997; Johnson &
Street, 2012). These gains have been attributed to the generative model of instruction and
practice combined with data-driven decision making.
Using a quasi-experimental design Roberts and Norwich (2010) replicated
Morningside Academy’s instructional model in a program designed to address word
reading skills for secondary school students in five different schools in England. Students
in each school were assigned to either an intervention or control group. In both groups
students received typical instruction, however students in the intervention group received
an intervention derived from the principles of PT and DI in addition to typical instruction
(e.g., . Teachers delivered instruction in a sequence of five steps as described by Solity
and Bull (1987): teachers (a) specified the students’ tasks in observable, measurable
terms, (b) recorded progress on a daily basis, (c) charted progress on a daily basis, (d)
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recorded the teaching approach in relation to progress, and (e) analyzed data to determine
if progress was satisfactory or if changes were needed in instruction. They referred to this
process as teach-test-chart-review. Roberts and Norwich measured student’s scores on
the Reading Accuracy Measure (RAM). Results indicated that RAM scores improved
following teach-test-chart-review. For one cohort, the PT group out-performed the nointervention group, however for the other cohort while the PT group did have significant
within-group improvements, there were no significant between-group differences. The
authors found that during sessions, students’ word reading became more accurate and
fluent through repeated practice, consistent feedback, and daily progress monitoring.
Although these results suggest that interventions derived from PT and DI may be
efficacious for improving foundational in reading, it is unclear whether these results
generalize to other areas like math. Also, the lack of between-group differences for
cohort 1 suggest that typical instruction may have led to similar gains, at least for one
cohort.
Chiesa and Robertson (2000) evaluated the effectiveness of a DI and PT
instructional package to improve performance on both component and composite skills in
the area of mathematics. The purpose of their study was to investigate the effectiveness
of an intervention program targeting fluency building with component skills on students’
performance on composite math skills. The intervention package included instructional
strategies derived from PT and DI to increase fluency on component skills, which
included multiplication, number writing, and finding a missing factor. Utilizing a
between-group design, Chiesa and Roberston compared PT procedures to general
classroom instruction. A classroom of 25 students was divided into two groups, control (n
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= 20) and PT (n = 5). Each student in the PT condition received timed practice, pair
practice, feedback, and daily timed probes (for measurement purposes). Chiesa and
Robertson monitored the progress for each student individually, moving each participant
to the next skill set only after they met specific performance criteria. Results indicated
that when compared to students in the control condition, accuracy on math problems
representing a composite skill (i.e., division of two-digit numbers by one digit, up to and
including five, with remainders) increased significantly for students in the PT condition.
Fluency building with component skills not only improved performance for those skills,
but it also led to generalized improvements in composite skills. Because the authors did
not collect maintenance data, it is not possible, to determine whether the students retained
the composite skills following the removal of the intervention. Additionally, as with
previous studies on fluency-based instruction, participants in this study were between the
ages of 9 and 11, limiting the generalizability of results to older students. Although the
converging empirical evidence supporting the instructional design models of DI, explicit
instruction, and PT is encouraging, there is a considerable lack of research on the effects
of this type of instruction in secondary education settings with critically important skills
like algebra, especially when it comes to remediation efforts.
Remediating Skill-Deficits
Although instructional programs such as DI, explicit instruction, and PT have
strong potential for improving achievement for learners many students will not be in
classrooms in which these instructional programs are used. Although these instructional
programs are not being regularly used in classrooms, students who are in need of
supplementary instruction may benefit from interventions derived from the principles of
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instructional design that can be derived from these models, including purposeful practice,
contingent reinforcement, and instructional and motivational accommodations. For
students in need of remediation whose curriculum offerings do not include DI, explicit
instruction, and PT, they may still benefit from these instructional models if remedial
interventions can be designed based on the principles and practices that DI, explicit
instruction, and PT have revealed to be effective. Students may struggle to learn algebra
for a variety of reasons, one of which probably has to do with a lack of proficiency with
prerequisite skills. For students who continue to struggle in algebra remedial intervention
is needed. Strategies such as increasing opportunities to respond and adapting
instructional and motivational strategies to student’s proficiency level have been
identified as critical components of effective instruction and considerable research
indicates these elements are critical to developing effective remedial interventions.
According to sound principles of instructional design, when designing remedial
interventions, teachers should focus on increasing students’ purposeful practice at an
appropriate skill level (especially when there are skill-deficits with prerequisite skills)
with appropriate instructional and motivational accommodations (e.g., prompting,
corrective feedback, positive reinforcement) adjusted individually for students to
maximize active responding and regular monitoring of performance. All of this needs to
be done in addition to delivering the regular curriculum and as an instructional package
that meets a student’s current instructional needs, which will likely differ from other
students also in need of remediation. The question therefore is how to prioritize
empirically supported intervention components and package them in an individualized
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intervention plan that can be delivered efficiently and consistently when they may not be
receiving DI, explicit instruction, or PT as a part of their curriculum.
Purposeful Practice
Remedial interventions should first focus on increasing meaningful practice
opportunities, which are critical for retaining and generalizing new skills (Hattie et al.,
1997; Hughes et al., 2017). Hughes et al. (2017) define meaningful practice opportunities
as chances for students to respond to academic tasks at appropriate levels of instruction.
Operationalized practice is teacher or self-initiated opportunities for individual students
to demonstrate mathematical knowledge through verbal or written responses or the
manipulation of concrete materials (e.g., blocks or visual representations; Doabler et al.,
2019). Furthermore, opportunities to respond increase student attention and engagement,
while providing teachers with information on how well a student is performing on the
current task (Hughes et al., 2017). Increasing purposeful practice provides students with
additional opportunities to respond in several ways (i.e., verbal, nonverbal, written) to
academic stimuli. Essentially, purposeful and deliberate practice leads to overall
increases in academic performance for students in various levels of instruction (e.g.,
acquisition, fluency-building, generalization; Dunlosky et al., 2013; Eskreis-Winkler et
al., 2016). For example, Doabler et al. (2019) found that for every explicit teacher
demonstration of mathematical content providing students with three opportunities for
practice led to increased mathematics achievement when compared to fewer practice
opportunities (i.e., two). Based on explicit instruction procedures during which teachers
prompt students to respond to academic stimuli, Doabler et al. evaluated the effects of
variable opportunities to practice in a randomized control study using pre-post test
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assessments. They measured kindergarten students performance on both a standardized
measure of mathematical ability as well as a curriculum-based early number fluency
measure. Using a standardized classroom assessment form Doabler et al. observed
explicit instruction and recorded both individual and group responses per min as well as
teacher demonstrations per min. They found that individual opportunities to respond were
associated with learning gains. This is meaningful, as it suggests that opportunities to
individually respond and practice can help support the develop of proficiency on math
related skills.
There are multiple ways in which purposeful practice may be provided to
students. Purposeful practice may occur massed or spaced. Massed practice occurs when
there is no measurable time between practice opportunities (Petersen-Brown et al., 2019).
Practice is considered spaced when there is measurable time between practice
opportunities, which may be short (i.e., min or seconds) or long (i.e., days; Hattie, 2009;
Petersen-Brown et al., 2019). While research indicates that increasing practice
opportunities in general leads to increases in academic performance, spaced or distributed
practice may lead to more rapid acquisition of skills and greater retention (Dunlosky et
al., 2013; Hattie, 2009; Petersen-Brown et al., 2019). In a review of effective learning
techniques Dunlosky et al. (2013) identified distributed practice as an effective strategy
to improve academic performance. Petersen-Brown et al. (2019) found that when spaced
practice was compared to massed practice, spaced practice led to better retention of math
vocabulary words and definitions. Thus, practice opportunities distributed over time are
more likely to be effective than a lot of practice all at one time. In addition to providing
distributed practice, the length of each practice opportunity is also critical. Archer and
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Hughes (2010) recommend that practice should be brief, frequent, and distributed over
time.
Time trials, also referred to as explicit timing or timed practice, provide students
with brief, frequent opportunities to respond to academic tasks (Miller, Hall, & Heward,
1995; Rhymer et al., 2002). During timed practice students are alerted to a time limit
when responding to academic stimuli (McCallum, Skinner, & Hutchins, 2004; Rhymer et
al., 2002). Research indicates that when provided with 1-min timing intervals, students
complete more problems than compared to a 10-min work interval (Miller, Hall, &
Heward, 1995; Rhymer et al., 2002). In one study, Ryhmer et al. (2002) examined the
effects of 1-min explicit timing trials on mathematics tasks of varying difficulty. A 2-by3 within-subjects design was used to examine differences in the number of problems
solved correctly per min between timed and untimed assignments. They also looked at
assignment difficulty. Similar to previous studies of timed trials, results indicated that
explicit timing trials increased the overall number of problems completed per min and the
percent of problems completed accurately by participants. Results also indicated that
timed trials are effective for improving fluency with basic math facts as well as more
difficult 3-digit by 3-digit multiplication problems. These results are significant, as they
that indicate timed trials may be effective for improving fluency for increasingly complex
math tasks.
Another effective strategy that increases practice opportunities through frequent
exposure to academic stimuli is Incremental Rehearsal (IR; Burns et al., 2019; McVancel,
Missall, & Bruhn, 2018). IR can be applied across a range of discrete skills including
basic math facts (i.e., multiplication, division, etc.). The premise of IR is to present an
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appropriate balance of both known to unknown items using a systematic method for
introducing items known as “folding in.” Unknown items are folded in with known items
progressively over time in a way that emphasizes frequent repetition of items. Results
from a number of studies indicated that IR led to significant increases in retention of
unknown items when compared to baseline conditions (Burns, 2005; McVancel, Missall,
& Bruhn, 2018; Zaslofsky, Scholin, Burns, & Varma, 2016) and alternative interventions
(Burns et al., 2019). Researchers have shown that the use of IR with multiplication facts
increases fluency both for students with and without learning disabilities (Burns, 2001;
Burns et al., 2019; Burns, 2005; McVancel, Missall, & Bruhn, 2018).
In sum, purposeful practice is an important strategy for increasing acquisition and
retention of academic skills. Practice may occur for various intervals of time; however,
brief distributed practice opportunities seems more potent than massed practice. Overall
research on practice has indicated that it is a powerful strategy to improve academic
performance across academic domains (e.g., Ardoin McCall, & Klubnik, 2006; Doabler,
Gearin, & Baker, 2019; Donovan & Bransford, 2005; Hunt, 2014; Petersen-Brown,
Lundberg, Ray, Dela Paz, Riss, & Panahon, 2019). However, mere practice alone is not
sufficient if students are practicing errors or attempting to practice tasks outside of their
currently level of proficiency. Effective remedial intervention should also incorporate
other instructional and motivational strategies according to students’ level of proficiency
with the instructional task.
Adapting instructional and motivational strategies to students’ proficiency levels
Guiding the selection of treatment components and effectively adapting
instructional and motivational strategies can be achieved through heuristics that have
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emerged in the academic intervention literature and proven useful for knowing how and
when to adjust instruction (Duhon et al., 2004). One such heuristic is a skill versus
performance-deficit analysis (Duhon, Noell, Witt, Freeland, Dufrene, & Gildertson,
2004; Skinner, Pappas, & Davis, 2005). Within this framework the absence of behavior
(e.g., incorrect response to a multiplication problem) would indicate that the learner has
either not acquired the skill or has acquired the skill and chooses instead to engage in an
alternate activity (Gresham, 1981; Skinner, 1998). A performance-deficit analysis may
reveal whether low responding is due to a skill or a performance-deficit (Duhon et al.,
2004). Skills may be deficit due to either a “Can’t Do” (i.e., skill) or “Won’t Do” (i.e.,
performance) problem (Skinner, Pappas, & Davis, 2005). Skill-deficits result from a lack
of skill and thus require manipulations of antecedent instructional strategies such as
modeling and prompting (Duhon et al., 2004). Performance-deficits on the other hand are
presumed to result from competing contingencies (e.g., social attention for disruption) for
other behavior that makes the desired behavior (e.g., work completion) less probable.
Performance-deficits can be remediated through contingency manipulations such as
performance feedback and programmed contingent reinforcement which make academic
responding more reinforcing. Performance-deficit analyses have proven useful in
prioritizing intervention components. In one study Duhon et al. (2004) found that for
students with performance-deficits the addition of a reward was sufficient to increase
performance on academic tasks (i.e., writing and mathematics). However, for students
with a skill-deficit reward alone did not lead to significant improvements in performance.
For these students antecedent instructional strategies produced superior results when
compared to the baseline and reward conditions.
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For skill-deficits, additional antecedent instructional strategies are needed in
addition to programmed reinforcement. The Instructional Hierarchy is a heuristic that
emerged in the 1970s (Haring, Lovitt, Eaton, & Hansen, 1978) and has significantly
shaped the academic intervention literature (Ardoin & Daly, 2007). The model is
strikingly similar to DI, explicit instruction, PT, and other behavior-analytic models of
instruction (Howell & Nolet, 2000; Wolery, Bailey, & Sugai, 1988), except that it focuses
attention on remediation of individual skills. According to the Instructional Hierarchy,
proficiency with a skill develops as students first respond accurately, then fluently,
followed by a generalization of skills and finally the adaptation of skills to novel
situations (Ardoin & Daly; 2007; Daly et al., 1996; Haring, Lovitt, Eaton, & Hansen,
1978). The model prescribes how instructional strategies should be adapted to students’
current level of skill proficiency. Modeling, prompting, and error correction should be
used to increase accuracy and reduce errors. Once a student is accurate and errors are
low, fluency building should be initiated, which consists of repeated practice over
sessions and may include contingent reinforcement for improved rate of responding.
Once fluency is achieved, tasks should be altered in terms of problem types and difficulty
level to improve generalization to other (e.g., composite) skills (Miller, Hall, & Heward,
1995; Rhymer et al., 2002; Stocker, Schwartz, Kubina, Kostewicz, & Kozloff, 2019). By
identifying the student’s proficiency level (performance versus skill-deficit; if the latter,
accuracy versus a fluency problem), teachers can prioritize intervention components
according to whether the student has a performance or skill-deficit, or, in the case of a
skill-deficit, according to whether the student has an accuracy, fluency, or generalization
problem. For example, if a student’s accuracy is poor and they make many errors,
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repeated practice without error correction procedures will likely result in the student not
developing the skill. In an examination of the reading-intervention literature, Daly et al.
(1996) found that intervention effects were predictable according to the intervention
components they contained. Reading accuracy was shown to improve through antecedent
strategies such as modeling and prompts, whereas reading fluency was shown to improve
through practice and contingent reinforcement. Finally, generalized improvements were
shown to be achieved or not according to whether the intervention provided practice with
multiple exemplars and across contexts.
A number of studies have shown that brief assessments of student responsiveness
to various instructional components (e.g., modeling, contingent positive reinforcement,
error correction) in isolation or in various combinations could be used to identify
effective instructional packages (Duhon et al., 2004; Daly, Bonfiglio, Mattson,
Persampieri, & Foreman-Yates, 2006; Daly & Martens, 1999, McComas & Burns, 2009;
Mong & Mong, 2012). What is pertinent about these studies is that the Instructional
Hierarchy was used to conceptualize strategies that were the best fit for the students’
proficiency levels, providing further evidence of the utility of the IH as a model for
adapting instructional strategies to students’ proficiency levels. Thus, this simple
heuristic shows how instructional prompts and consequences may be strategically
selected and applied based on students’ current proficiency level.
Contingent Consequences. Within an operant learning paradigm, learning occurs
primarily as a result of consequences (Miltenberger, 2016). While teachers do a lot of
planning, arranging, and delivering of instructional strategies (e.g., prompting,
explanations, modeling) before the student answers a question, what teachers do after the
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student responds may be as critical if not more critical to student learning. Contingent
consequences such as positive reinforcement, error correction, and performance feedback
are necessary components of any instructional or remediation plan, as they significantly
affect the probability of correct responses in the future in practice and assessment
sessions. Additionally, contingent consequences can concurrently reduce problembehavior while increasing appropriate replacement behaviors like task engagement and
correct responding (Gilbertson et al., 2008; McComas, Goddard & Hoch, 2002; Panahon
& Martens, 2012; Warmbold-Brann, Burns, Preast, Taylor, & Aguilar, 2017).
Furthermore, the addition of contingent consequences to practice opportunities increases
the potency of interventions even further (Archer & Hughes, 2010; Hattie, 2009; Hattie et
al., 1997; Hughes et al., 2017).
Contingent reinforcement involves delivering a consequence following a desired
response (e.g., a correct answer) that increases the future probability of the desired
response. A number of studies have examined the effects of reinforcement on increasing
academic performance and found that contingent reinforcement is a powerful intervention
component to increase academic performance (e.g., Broussard, VanDerHeyden, Fabre,
Stanley, & Ordoynne, 2006; Chadwick & Day, 1971; Joseph, Alber-Morgan, & Neef,
2016; Panahon & Martens, 2012; Warmbold-Brann, Burns, Preast, Taylor, & Aguilar,
2017). Gilbertson et al. (2008) found that when contingent reinforcement was paired with
instructional or practice sessions students improved their scores on math computation
fluency by at least 10% (i.e., the contingent reinforcement criteria). In another study,
Panahon and Martens (2013) compared the effects of contingent and noncontingent
reinforcement on math computation performance. In an ABCB reversal design Panahon
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and Martens compared contingent reinforcement in which students received points for
correctly completing a criterion number of math problems in 5-min to performance in
both baseline (i.e., no reinforcement) and contingent reinforcement plus noncontingent
reinforcement. In the contingent reinforcement plus noncontingent reinforcement
conduction participants received reinforcement for both completing a criterion number of
problems correctly while also receiving a point every 15-sec for free. Panahon and
Martens found that digits correct per session increased during the contingent
reinforcement condition when compared to baseline for all participants, however the
strength of effects differed across participants. Additionally, for all three participants
performance decreased during contingent reinforcement plus noncontingent
reinforcement, indicating contingent reinforcement alone was more effective for
increasing academic performance. They hypothesized this may be due to effects of
satiation and extinction. Furthermore, contingent reinforcement of academic performance
is most effective when delivered under consistent expectations that were clearly defined
for students.
When instructors provide explicit performance feedback academic performance
and accurate responding increase as students receive additional opportunities to
accurately respond to academic stimuli. Performance feedback is information (e.g., grade
on a test, number of problems solved correctly, the number of errors) that is provided to a
student regarding how they just completed a task (Hattie & Timperley, 2007; Shapiro,
2004). Immediate performance feedback following a response to academic stimuli
increases accurate responding and extinguishes inappropriate or inaccurate responses
(Hier & Eckert, 2014). Furthermore, combining performance feedback with contingent
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reinforcement (e.g., “Your goal was 15 problems correct. You correctly solved 12
problems, to earn your reward tomorrow you will need to complete 3 more problems
correctly”) further increases academic performance both alone and in combination with
other components of effective instructional design such as contingent reinforcement and
modeling. Multiple studies have demonstrated the efficacy of various forms of feedback
that may be provided to students including total answers produced (Van Houten,
Morrison, Jarvis, & McDonald, 1974), assignment completion (Kastelen, Nickel, &
McLaughlin, 1984), and correct or incorrect responses (Rhymer, Dittmer, Skinner &
Jackson, 2000). For example, Fuchs, Fuchs, Hamlett, and Whinnery (1991) found that
when teachers provided feedback that consisted of identifying correct and incorrect
responses, elementary- and middle-school students’ performance on curriculum-based
math measurements remained more stable than when compared to baseline. However, for
students who continue to make frequent errors performance feedback should be
implemented in combination with additional instructional strategies such as error
correction procedures.
The addition of correction procedures increase the potency of contingent
reinforcement and performance feedback, particularly when students are making
numerous errors. When teachers systematically correct errors, they are providing students
with additional practice opportunities for the correct response to occur in the presence of
the academic stimuli, which increases accuracy (Marvin, Rapp, Stenske, Rojas, Swanson,
& Bartlett, 2010). One example of an evidence-based error correction procedure is
response repetition. Response repetition procedures require students to produce several
correct responses contingent on an error and following a teacher model (Barbetta et al.
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1993; Drevon & Reynolds, 2018). Research has indicated that response repetition is an
effective strategy for increasing accuracy of responding for multiple academic skills
(Worsdell et al., 2005; Marvin, Rapp, Stenske, Rojas, & Bartlett, 2010; Rapp, Marvin,
Nystedt, Swanson, Paananen, & Tabatt, 2012).
Rapp et al. (2012) examined the effects of response repetition as a single
component intervention on the acquisition of math facts and math computation. Rapp et
al. used nonconcurrent and concurrent baseline designs to evaluate both the betweensubject and within-subject effects of response repetition on math facts and math
computation. Participants were four male students in special education who were between
9 and 12 years of age. Rapp et al. measured participants’ correct and incorrect responses
on sets of math facts or problems. During each session participants were presented with a
set of cards consisting of only one type of mathematical operation (i.e., subtraction with
regrouping, single digit by single digit multiplication). Results showed that the addition
of response repetition increased correct responding on both the target math problems and
math problems presented in an alternate form for two participants. For one participant
response repetition increased correct responding on only the target math problems. These
results suggest that response repetition is an effective strategy for increasing correct
responses, however for some students’ response repetition alone may not be potent
enough to increase accurate responding. Skinner et al. (1997) described the use of error
correction and overcorrection procedures to be most effective when procedures are
utilized within appropriate levels of students’ proficiency.
Given the likelihood of a high error rate for students in need of remediation, error
correction strategies like those just reviewed would seem to be an important component
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of any remedial intervention. But, because students in need of remediation also need to
accelerate their progress to catch up to their peers and meet important benchmarks in a
timely manner, combining strategies is probably equally important, especially because it
may result in more rapid acquisition of skills and better retention (Marvin et al., 2010;
Rapp et al., 2012). Antecedent instructional strategies such as prompting increase the
potency of remedial intervention by providing students with scaffolded instruction prior
to independent practice.
Prompting. When response strength remains weak even with contingent
reinforcement and performance feedback, prompting strategies should be employed.
Prompts are stimuli provided to an individual either before or during the performance of a
behavior to increase the probability of a correct response (Copper, Heron & Heward,
1987; Miltenberger, 2016). Modeling prompts have been frequently investigated in the
academic intervention literature because skill level of the participants is generally so low
(Skinner, Turaco, Beatty, & Rasabage, 1989). With modeling, the teacher demonstrates
the correct behavior before having the student give a response.
One example of an evidence-based intervention that combines modeling,
immediate corrective feedback, and repeated practice is Cover-Copy-Compare (Skinner,
Turaco, Beatty, & Rasavage, 1989). Cover-Copy-Compare is an intervention strategy that
provides high doses of modeling and response prompting as the learner self-manages his
or her responding. Cover-Copy-Compare has been shown to improve both accuracy and
fluency of responding across academic domains including spelling (e.g., Jaspers et al.,
2012; McLaughlin, Mabee, Reiter, & Byram, 1991; Zannikos, McCallum, Schmitt, &
Pearson, 2018), geography (e.g., Skinner, Belfiore, & Pierce, 1992), vocabulary (e.g.,
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Musti-Rao, Khaw, & Hawkins, 2012; Skinner, McLaughlin, & Logan, 1997), sight word
acquisition (e.g., Conley, Derby, Roberts-Gwinn, Weber, & McLaughlin, 2004) and
mathematics (e.g., Skinner, Shapiro, Turco, Cole, & Brown, 1992; Joseph et al., 2012;
Mong & Mong, 2012). Procedures for Cover-Copy-Compare are simple and efficient and
occur within only three steps: (1) first students look at an academic stimuli (e.g., word,
mathematics problem and answer), (2) next the student covers the academic stimulus and
makes a response (e.g., saying the word aloud, writing the math problems solution), and
(3) finally the student uncovers the stimulus item and evaluates their performance by
comparing their response to the stimulus item (Skinner et al., 1989; Skinner, McLaughlin,
& Logan, 1997; Joseph, Konrad, Cates, Vajcner, Eveleigh, & Fishley, 2012). The brief
time required for each Cover-Copy-Compare trial provides students many practice
opportunities within a short practice period. Cover-Copy-Compare procedures
additionally utilize modeling and immediate responding and performance feedback to
prevent students from practicing inaccurate responses leading to increases in accuracy
(Skinner, McLaughlin, & Logan, 1997).
Similar to Cover-Copy-Compare, taped-problems is an evidence-based
intervention that combines modeling prompts with immediate performance feedback
during brief frequent trials to increase both accuracy and fluency, however tapedproblems utilizes an alternative prompting strategy, verbal prompts (McCallum, Skinner,
& Hutchins, 2004). In the taped-problems intervention, students are provided with
frequent brief opportunities to respond to academic stimuli that are modeled with verbal
prompts by audiotape. Brief frequent practice followed by immediate feedback provides
students with additional opportunities to practice resulting in more rapid acquisition of
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skills. During taped-problems intervention students listen to an audio recording that
presents mathematic problems and answers using varying time-delay procedures (e.g., no
delay, 2- or 5-s delays; Kleinert, Codding, Minami, & Gould, 2017). A problem is
initially announced by the tape, students then record their answer to the problem on a
worksheet that contains the same problems without answers. The audio recording then
provides the answer so students can check their written work for accuracy. For any
unknown items students are instructed to write the correct response once it is provided by
the audio tape. Prompt delay procedures ensure that students are not practicing inaccurate
responses in addition to increasing fluency by encouraging students to “beat the tape”
(McCallum et al. 2004).
In one study, McCallum, Skinner, and Hutchins (2004) examined the effects of
the taped-problem procedures on math computation for one fourth grade student.
McCallum et al. utilized the procedures described above to provide additional practice on
division facts, but they also altered the procedures by using various time delays between
the presentation of the problem and correct response. Responses were provided to the
student via an audiotape at increasing (i.e. immediately, 5-sec delay, 10-sec delay) or
decreasing (i.e., 10-sec, 5-sec, 1-sec) increments of time to increase first accuracy and
then fluency of responses. The goal of time delay is to systematically alter the time
between the prompt and response to increase either accuracy or fluency. When the time
between the presentation of problem and answer is increased students initially have no
opportunity to respond inaccurately as the prompt and response are provided
simultaneously with no time delay increasing accuracy. As time delay decreases students
are encouraged to beat the tape and respond to problems more rapidly increasing rate of
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response leading to fluency. McCallum et al. found that these procedures led to rapid
increases in both percent correct, and digits correct per min on division facts.
Additionally, they found that these maintained over time.
To further examine the effects of time delay within the taped-problem procedures,
Poncy, Jaspers, Hansmann, Bui, and Matthew (2015) compared different time delays in
an alternating treatments design. Twenty second-grade students participated in the study
which examined the effects of differing time delays on addition fact fluency. The
dependent measure used in this study were digits correct per min. Three conditions were
compared, taped-problems with a 2-s delay, taped-problems with no delay, and a control
condition. Conditions were counterbalanced across sessions to a total of 24 sessions.
Poncy et al. found that both 2-s delay and no delay conditions led to improvements in
digits correct per min, while no-delay led to minimally larger increases (approximately 5
DCPM). No time delay may lead to slightly higher increases due to more frequent
opportunities to respond. By removing a delay between the presentation of the problem
and response, students have more opportunities to practice leading to increases in
fluency. These results are significant as they indicate that both no delay and 2-s delay led
to increases in addition fluency.
Although repeated practice, modeling, prompting, error correction, and feedback
have proven to be important components of academic instruction and intervention, there
has been little research on their application to middle- and high-school students in need of
remedial intervention. Given how robust they are, examining these strategies with this
population seems appropriate, especially given the significant consequences that ensue
for students if they fail to master critical skills like algebra. However, secondary
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education settings have unique characteristics that should be considered when attempting
to remediate academic deficits like algebra skills and may affect how individualized
remedial intervention packages should be developed and applied.
Self-Managed Remedial Interventions at the Secondary Level
Secondary education is notably different from elementary education both in
regard to structural differences in each setting as well as students’ individual
developmental levels. In order to select appropriate intervention strategies, it is important
to understand some of the unique aspects of adolescence and high school populations.
Unique aspects of this population include biological changes, personal identity
development, complex structural changes within the educational setting and changing
social roles and responsibilities (Hill & Chao, 2009). Independent decision making and
planning for the future are some of the major developmental tasks for high school
students (deCastro & Catsambis, 2009). Additionally, the increase in independence
characteristic of this age is evident in areas such as social activities, extra-curricular
activities, and employment influence students’ motivation and availability. Not only are
student resources limited, teachers’ resources also become more limited in secondary
education settings (McLeod & McKinnon, 2010). Teachers typically teach multiple
classes a day and see individual students for more limited amounts of time. As resources
for supplemental interventions may be thin, establishing routines for additional support
becomes increasingly difficult. Concurrently, as high school students become
increasingly independent, they are expected to take on more responsibility for managing
their learning (Hill & Chao, 2009). Therefore, self-managed interventions which combine
elements of effective instruction and remediation may be most suitable to the demands
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and constraints of secondary education settings. Self-management has been shown to
improve academic accuracy and productivity (Carr & Punzo, 1993; Rock, 2005). Selfmanagement requires students observe, record, and compare their performance, set and
monitor progress towards goals, and identify and reserve time to practice academic skills
while selecting appropriate strategies based on current and previous performance (Bruhn,
Woods-Groves, Fernando, Choi, & Troughton, 2017; Young, West, Li, & Peterson,
1997), and thus actively engage students in modifying their own behavior through direct
contingency management (Hughes et al., 2002; Falkenberg & Barbetta, 2013).
Self-management broadly encompasses five different strategies: self-monitoring,
self-evaluation, self-instruction, goal-setting, and strategy instruction (Mooney, Ryan,
Uhing, Reid, & Epstein, 2005). Self-management interventions have been associated with
increased on-task behavior (Axelrod, Zhe, Haugen, & Klein, 2009; Holifield et al. 2010;
Slattery, Crosland, & Lovannoe, 2016) and improvements in academic performance
(Barry & Messer, 2003; Varni & Henker, 1979). In a meta-analysis of 22 experimental
studies for self-management interventions targeting academic outcomes published
between 1970 and 2002 (half of which were in the area of math), Mooney et al. (2005)
found that the effects of self-management strategies on academic outcomes was
significant (ES = 1.80) and educationally meaningful. The self-management interventions
included self-monitoring in which students observed and recorded a target behavior (e.g.,
independent events of practice), self-evaluation a process where students compared
current performance to previous performance or an established criterion, self-instruction
during which students engaged in activities designed to facilitate the acquisition of skills,
and goal-setting a procedure where students set goals related to performance (e.g., “I will
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practice for 5-min 5x per week”). However, in this analysis all studies evaluated the
effects of self-management procedures only for participants identified as emotionally or
behaviorally disordered (EBD). Alternately, Rock (2005) investigated the effects of a
self-managed intervention called ACT-REACT, a self-monitoring intervention, on nine
2nd- to 5th-grade participants with (n = 5) and without (n = 4) disabilities who had been
referred by their teachers for being disengaged during class. ACT-REACT is a mnemonic
tool students were taught to utilize as a self-monitoring procedure; Articulate goals,
Create a plan to complete work, Reflect on work, Evaluate progress towards goals, and
ACT again. Students utilized these strategies to complete work during both class time and
during independent work. Academic disengagement (i.e., time off task) was collected as a
primary dependent variable for Group 1. For this study, Rock defined academic
disengagement as students not participating in math-related independent assignments and
was measured through a frequency count during a 45-min period. Academic engagement
was recorded as the primary dependent variable for Groups 2 and 3. Academic
engagement was defined as time on task during which a students was participating in a
math or reading related activity (e.g., in seat looking at paper, writing, verbally
responding) and was measured using a momentary time-sampling format. Additionally,
for all groups math productivity and accuracy were collected. Results from the multiplebaseline-across-subjects with embedded reversal design indicated that ACT-REACT was
an effective procedure for increasing academic engagement and productivity when
compared to baseline. For all participants, the rate of disengagement decreased during
intervention phases. Goal setting and self-evaluation procedures provided students with
increased opportunities to evaluate their own performance and progress towards goals.
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Opportunities to receive feedback increased as students monitored their own
performance. One limitation of this study was that feedback did not consist of error
correction and thus, although students were academically engaged during independent
practice there was no control for whether students were practicing correct responses or
errors. Even in light of the limitations of this study, findings remain educationally
significant as they indicate that self-management procedures may be used to increase
students opportunities to receive meaningful feedback on current performance while
simultaneously increasing academic engagement through self-prompting.
In a similar study, Cancio, West, and Young (2004) evaluated the effects of selfmanaged performance goals on mathematics homework completion and accuracy;
however, they combined this with an additional strategy, identifying and reserving time
to complete academic tasks. Using a multiple-baseline across subjects design, Cancio et
al. investigated the effects of a self-management intervention which consisted of teaching
students to identify and reserve time to complete homework by recording information
such as when homework was completed and how long they spent on homework. The also
compared their performance across sessions (e.g., how many problems they solved for
the last two days) for six male students ranging in age from 11 to 15. Results indicated
that these strategies led to increases in homework completion and accuracy for all
participants when compared against their baseline performance.
When students identify and reserve time to complete academic work opportunities
to practice increase leading to increases in the total number of problems solved as well as
the accuracy of responses. Although these results indicate that self-management
strategies such as identifying and reserving time and comparing performance led to
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increases in academic performance, generalizability is limited. Since the academic
content in this study was math homework derived from current classroom instruction,
further research is needed to identify whether such strategies would generalize to
improvements in performance on academic tasks which were being explicitly instructed.
Furthermore, complex self-management strategies such as these require a significant time
and personnel investment to train and monitor students’ implementation of the
procedures, which raises once again the original concern about the lack of resources that
are generally characteristic of secondary educational settings. Although few studies have
been done at the secondary level, students’ maturing developmental level and increased
involvement in their educational programming may be useful in applying remedial
interventions if those interventions can be delivered through a platform that makes it easy
for students to identify and reserve practice time, manage their time as they practice,
select strategies, and benefit from immediate feedback and error correction. Technology
may provide the answer for how to efficiently ensure the delivery of individualized,
remedial interventions that students at the secondary level can use themselves to selfmanage their learning.
Technology
Technology, such as computers and phones, has become an integral component of
children’s daily functioning with some studies citing up to 90% of children use
computers (NCES, 2001). Due to the frequent availability of technology for students,
remedial interventions consisting of increased practice opportunities, contingent
consequences, and antecedent instruction may be delivered via technological devices
which can be easily self-managed by students. Students are able to readily use materials
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during even the briefest of available time because interventions delivered via technology
are easily accessible and require minimal material preparation (Musti-Rao & Plati, 2015;
Musti-Rao, Lynch, & Plati, 2015). By providing immediate feedback and consistent
systematic error correction self-managed interventions delivered via technology
maximize the number of opportunities students have to respond to academic prompts
(Musti-Rao & Plati, 2015). Antecedent strategies such as modeling and prompting
packaged and delivered via a technology application are broadly defined as instructional
applications (Musti-Rao & Plati, 2015). By administering frequent antecedent strategies
combined with immediate feedback (both corrective and reinforcing) instructional
technology has great potential for improving academic skills (Bryant, Ok, Kang, Kim,
Lang, Bryant & Pfannestiel, 2015), especially when it is simple enough for students to
use and manage on their own. Further, Wenglinsky (2005) found that when computerbased interventions were used to provide instruction on and additional practice for
higher-order skills such as algebra, students’ acquisition and fluency increased on such
tasks.
Computer-assisted instruction (CAI) is one method for using computers or other
technology media (e.g., mobile phone, iPad) to deliver instruction and shape behavior.
CAI provides students with additional opportunities to practice through various
instructional strategies and can be utilized in isolation or to supplement traditional teacher
instruction. Through the delivery of instructional strategies (e.g., modeling, prompting)
and increased practice, CAI has been shown to lead to improvements in academic
performance in a variety of domains including mathematics (Maccini, Gagon, & Hughes,
2002; Lewis, 1998). Benefits of utilizing technology for implementing instructional and
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motivational strategies include accessibility and efficacy as compared to alternative or
more traditional instructional methods (Maccini et al., 2002).
Gross and Duhon (2013) examined the use of a CAI intervention to improve math
accuracy. In contrast to previous studies on CAI, the experimenters added error
correction and differential visual feedback based on response accuracy to CAI
procedures. Three elementary aged students who were determined to be in the bottom
10th percentile of their grade level participated in the study. Experimenters trained each
participant’s teacher to implement the CAI program prior to the start of the intervention.
Utilizing a nonconcurrent multiple baseline across participants design, they measured
each participants’ baseline accuracy on skill-specific probes. During baseline participants
had access to the CAI program but independent of feedback and reward. The treatment
phase consisted of the addition of feedback, error correction, and reward to the CAI
program. All three participants showed improvement in math skill accuracy with the
intervention when compared to baseline. Growth was measured for each participant and
ranged from 25% to 34% by the end of the intervention. A limitation identified by Gross
and Duhon was generalizability of math performance from CAI to paper-pencil
assessment. Limited research exists on the generalizability of skills practiced through
CAI to paper-pencil assessment; however, results from this study indicate that practice
through CAI was associated with performance increases on paper-pencil assessments.
While further research is needed, these preliminary results may indicate that instruction
and practice done on a technological application may improve performance on typical
classroom evaluations (e.g., paper-pencil exam). Two other limitations are that
participants were not assessed for their familiarity with goal-attainment rewards and
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proficiency with the keypad was not assessed. Additionally, since a combination of
strategies was utilized in this intervention package, experimenters cannot definitively
determine the individual effects of each component.
In another study conducted by Bryant et al. (2015) the effectiveness of teacherand technology-mediated interventions to improve performance on multiplication facts
was compared. The teacher directed intervention (TDI) condition consisted of previewing
skills, modeling skills, independently practicing skills, and reviewing previously
instructed skills. During the app-based intervention condition two applications (i.e., Math
Evolve and Math Drills) consisting of review, scaffolded practice, immediate feedback,
and error correction were implemented. During all conditions, participants received
performance feedback (i.e., praise or error correction) and noncontingent reinforcement.
Bryant et al. compared each condition (i.e., app-based intervention and TDI ) to a
combined condition using an alternating treatment design with six fourth-grade
participants to compare the effects of each intervention on students’ digits correct per 2min for multiplication fact probes. Each condition was approximately 30-min and
implementation alternated between each condition for a total of 15 intervention sessions,
5 sessions per condition. Assessment took place immediately following each intervention
session and assessment probes were created and five versions were counterbalanced
across all sessions. All participants improved their fluency relative to baseline; however,
the most effective condition varied across participants. For 3 participants, TDI led to the
greatest overall improvement, while the combined condition lead to the greatest
improvements for 2 participants, and for one participant app-based intervention had the
greatest impact on digits correct per 2-min. All three interventions shared some common
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elements, including antecedent strategies, contingent consequences, and repeated
opportunities to practice. Yet, participants responded differentially to the three
intervention conditions, suggesting that other students may also respond differentially to
these different strategies.
Cheung and Slavin (2013) conducted a meta-analysis of the effects of educational
technology applications on mathematics achievement. They identified a total of 74
studies (45 at the elementary level, 29 at the secondary level) from 1960 to 2011 that
evaluated the effects of educational technology on mathematics achievement and
measured math performance via a standardized mathematics measure for inclusion in
their analysis, with a total of 56,886 participants across studies. Cheung and Slavin
conducted electronic searches of educational databases (PyschINFO, ERIC, JSTOR) to
identify studies. Technological applications across studies included computers,
multimedia, interactive whiteboards, and tablets. Of the 75 studies examined, 70% of
them involved supplemental interventions, meaning that they were added to typical
classroom instruction and not delivered in place of it. Effect sizes were calculated for
each study to determine both individual and overall effects of educational technology
application. The findings indicated that technological applications produced a modest
positive effect (ES = +0.15); however, there was variation in effects across the various
forms of technology-assisted interventions (i.e., computer-management learning,
computer-assisted intervention). Supplemental computer assisted interventions had the
largest effect on mathematics achievement (ES = +0.18), with computer-management
learning having a substantially smaller effect (ES = +0.08). An additional finding of their
study was significant differences in effects on achievement based on intervention
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intensity. Interventions which involved computer use for more than 30-min per week had
a larger effect than those which involved less than 30-min of computer use per week.
Overall, results indicate that educational technology can improve math performance for
students across grades and levels of proficiency when utilized as a consistent (more than
30-min per week) supplemental intervention. The fact that the results were modest,
however, and that many of the studies would have involved dated technologies dating
back to half a century ago should encourage researchers to examine newer technological
tools that might be more effective and better adapted to the kind of differentiated
instructional strategies students in need of remediation need.
One example of a technology-mediated supplemental intervention with potential
to package sound remediation strategies is QuizletÒ. QuizletÒ makes it possible to
combine various components of effective instruction to be delivered via a computer- or
phone-based technology in an easy-to-use format that may be particularly well suited to
self-managed academic interventions. Access to QuizletÒ is available online free of
charge for use on any device enabled with internet access. QuizletÒ is interactive and
integrates text, sounds, and graphics into the various modes of practice. In a review of the
literature, Vogelgesang, Bruhn, Coghill-Behrends, Kern, and Troughton (2016) argued
that text, sound, and graphics can improve engagement for students when compared to
paper-based or choral activities. The premise of QuizletÒ is based on the frequent practice
of “study sets.” Study sets are sets of instructional items (i.e., vocabulary words, math
problems, history facts) that can be located through search of the existing database on
QuizletÒ or created by individual users. Each instructional item is linked to a correct
response. Through various learning presentation formats and games available through the
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QuizletÒ interface, the learner can practice content with flashcards, timed drills, and other
writing and spelling activities while receiving immediate feedback on accuracy of
responding.
The learning presentation format aligns well with the principles of effective
instruction including purposeful practice, corrective and affirmative feedback, error
correction, and modeling to improve student accuracy and fluency. For example, in the
learn function students receive immediate feedback via a red frown or green smile as a
form of immediate feedback. The red frown is paired with the correct answer to provide
not only immediate feedback but corrective feedback to improve student responding. The
“learn” application presents a screen with various problem types with prompts for the
student to respond by (a) selecting from a list, (b) matching items, or (c) answering truefalse questions. The “write” application presents problems individually with a blank and
a prompt to write the complete answer. QuizletÒ has the added feature of presenting
models, prompts, and error correction to practice, which should improve accuracy and
decrease errors. Students also have the option to identify items they got wrong. QuizletÒ
stores these items so that they can be presented more frequently in future sessions until
they are learned. As students move toward proficiency, they can choose to select
activities which promote fluency such as the “match” and “gravity” activities. In the
“match” activity, problems and solutions appear on the screen and students are prompted
to match problems to solutions as quickly as possible. In the “gravity” activity, a math
problem appears on a meteor falling from the sky toward earth. Students are prompted to
enter a response at the bottom of the screen on an image of the earth before the meteor
hits the earth, thereby encouraging students to answer as quickly as possible.
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Although research is limited on the efficacy of QuizletÒ, Monem, Bennett and
Barbetta (2018) examined the effects of two active student responding (ASR) systems
(QuizletÒ and an interactive notebook) to improve acquisition of U.S. History content.
U.S. History content for this study was defined as concepts consistent with eighth-grade
U.S. history textbooks. During the Quizlet® condition students accessed Quizlet® via an
iPad for 15 min daily following typical classroom instruction. Students reviewed content
of the lesson by completing and reviewing different modes within the application. In the
interactive notebook condition, students took notes during a teacher-led lesson using an
interactive notebook. Utilizing an alternating-treatments-design, each intervention
condition was implemented for seven eighth-grade students. While results indicated that
both interventions were effective at increasing students’ acquisition of U.S. History
content, the QuizletÒcondition produced slightly better results for five of the seven
participants and significantly better results when compared to the interactive notebook for
one of the remaining participants. When compared to the interactive notebook, QuizletÒ
provided students with more frequent opportunities to respond and more rapid feedback.
Due to the rapid presentation of tasks and feedback, QuizletÒ provides participants with
additional practice opportunities in a time-efficient manner. These results and the fact
that Quizlet® is easy to use and highly engaging suggest that Quizlet® may be an
appropriate tool for self-managed interventions to improve academic performance with
secondary students who have the capability of using such technology.
Purpose of Current Study
Proficiency in mathematics is correlated with future success in higher education
and employment (U.S. Department of Education, 1997; Saunder, 1980). Currently half of
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states in the United States require successful completion of Algebra I as the marker of
math proficiency and thus a requirement for high school graduation (Chambers, 1994;
Fogen, 2008; U.S. Department of Education, 1997). In-spite of considerable research
supporting the importance of mathematics proficiency, 24% of twelfth-grade students in
the United States demonstrated levels of proficiency in 2019 (NAEP, 2019). While only
24% of students were proficient, a staggering 38% of students performed below the basic
level. In spite of the considerable research indicating the importance of algebra
performance, there is a paucity of research on algebra interventions for students in
secondary education settings.
Due to the complex nature of algebra and all the component skills that need to be
mastered to be successful with algebra, students in need of remediation will need high
quality instructional strategies to accelerate their learning like those one finds in DI,
explicit instruction, and PT. The emphasis of these instructional design models on
sequentially building accuracy, fluency, and generalization through purposeful practice
(Binder, 2010; Johnson & Street, 2004; Johnson & Layng, 1992; Merbitz et al., 2004) can
be useful in an area like algebra where it is commonly agreed that fluency in prerequisite
skills is vital to becoming proficient in algebra (NMAP, 2008). Students in need of
remediation whose curriculum does not include one of these instructional design models
will need intervention packages that contain the essential components of instruction in a
manner that addresses their individual instructional needs. The most important
components to be considered as a part of a differentiated intervention plan should include
frequent purposeful practice, programmed contingent reinforcement, performance
feedback, error correction, and appropriate prompting strategies, each of which needs to
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be selected according to students’ proficiency levels. In the area of math, these strategies
have been applied in various combinations through interventions such as timed practice,
incremental rehearsal (Poncy et al., 2012), and cover-copy-compare (Musti-Rao & Plati,
2015). While these interventions have may be effective, they can also be time-intensive
and require a lot of teacher management (e.g., use of prompting and monitoring
strategies), which may be difficult in secondary education settings. Self-managed
interventions are more likely to be adopted in secondary education settings where the
students are older and can take greater responsibility for managing their own practice.
And when the interventions can be delivered conveniently through technology that
engages the student and delivers a high rate of purposeful practice with appropriate
prompting and consequences for responding, remedial interventions for areas like algebra
might be more feasible and thus applied more consistently. Interventions delivered via
computer-based applications can lead to increases in opportunities to respond, active
student responding, performance feedback, and positive reinforcement (Musti-Rao &
Plati, 2015; Musti-Rao, et al., 2015).
The purpose of this study was to investigate the effects of the use of QuizletÒ to
deliver self-managed, individualized remedial interventions targeting prerequisite skills
for algebra for middle-school students who were failing or at-risk for failing algebra.
Specifically, this study was designed to address the research question: Will a selfmanaged QuizletÒ intervention package improve middle school students’ fluency with
algebra prerequisite skills? It was hypothesized that QuizletÒ use would increase fluency
in prerequisite skills, as Quizlet® provides the format for including all relevant
components (e.g., opportunities to respond, modeling, prompting, repeated practice) of
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effective methods of instructions. To investigate the research questions, a multiple-probe
across behaviors design was conducted to examine whether the QuizletÒ intervention
package improved fluency on middle school students’ prerequisite algebra skills
(Research Question #1).

57
Chapter 2: Method
Setting and Participants
This study took place at a middle school in the midwestern region of the United
States. Participants were three sixth grade students. Lucy was a 12-year-old female. Lucy
was not receiving formal special education supports at the time of the study. Christa was
an 11-year-old female. Christa was not receiving formal special education supports but
did receive math supports through the school’s Student Assistance Team (SAT). Ruth
was an 11-year-old female. Ruth was receiving special education supports under the
verification Specific Learning Disorder (SLD) in the areas of math and written
expression. Participants were identified by their math teacher based on reports of
participants currently struggling or having previously struggled with prerequisite algebra
concepts. Additionally, the participants’ math teacher reported that all three participants
struggled with work completion both in and out of the classroom (i.e., class assignments
and homework). Approval for this study was obtained from the Human Subjects
Institutional Review Board (IRB number 20181218734 EX). Consent for participation
was collected from teachers and parents, and all student participants provided assent prior
to the start of the study. Participants were screened to ensure they were fluent with basic
math facts (i.e., single-digit by single-digit addition, subtraction, multiplication, and
division) prior to inclusion in the study.
All procedures took place outside of general math instruction during “specials”
(i.e., non-academic instruction; gym, art, music) in the media center at either an open
table or in an empty conference room. Participants were seated at small tables with at
least two chairs. All sessions were conducted one-on-one with the author or trained
school psychology doctoral students. During the sessions, the media center remained
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mostly empty and was not utilized by any full classes of students, this resulted in
infrequent disruptions or distractions.
Materials
Single-Skill Basic Math Facts Computation Probes
Single-skill worksheets for basic math facts were used for screening purposes.
The computation skills included multiplication and division. Worksheets containing 60
items of randomly generated problems (including single and double digits) were taken
from Aimsweb®, a universal screening, progress monitoring, and data management
system that provides brief, valid, and reliable math measures for grades K-12. Problems
were randomly generated and all duplicate problems on a worksheet were replaced with a
randomly selected problem of similar difficulty.
Mixed-Skill Math Computation Probes
Mixed-skill math computation probes from Aimsweb® (M-COMP) were used for
both screening and the experiment procedures. Probes were selected based on the
participants’ current grade level. M-COMP worksheets included multiple skills from the
grade level for which they were designed. Problems were randomized with problem-types
rotating throughout all 40 problems. Each M-COMP contained two worksheets with 20
problems on each worksheet. No problem was duplicated on a single M-COMP probe
and Aimsweb® had 40 different versions of each grade level probe available. M-COMP
worksheets were used to identify components of grade-level typical math curriculum that
participants had not yet mastered. Examples of typical problems on the sixth-grade MCOMP included solving single step equations, simplifying fractions, addition and
subtraction of fractions with both like and unlike denominators, converting between
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decimals, fractions, and percentages, double-digit by single-digit multiplication, adding
and subtracting integers, and determining a specific percentage of a number. The data
gathered from these worksheets informed the selection of individual prerequisite algebra
skills to be further assessed for each participant.
Single-Skill Prerequisite Algebra Problem Probes
Single-skill math computation probes (Appendix A) were generated for screening
and measurement during the experiment. A total of seven different single-skill probe sets
were created using a random problem generator and Excel®. The seven skills were
derived from two (of five) foundational algebra skills established by the NMAP (2008)
that were developmentally appropriate for the participants in the current study: (1)
symbols and expressions, and (2) linear equations. These two foundational skills each
have important component skills that must be mastered for students to be successful in
Algebra. Potential target skills included (a) identifying equivalent decimals, fractions,
and percentages (e.g., What is the equivalent fraction for .50; What is the equivalent
decimals for 30% ), (b) reducing fractions, (c) combining like terms (e.g., Combine all
like terms 2x + 1 + 3x = 5x + 1), (d) determining a specific percent of a given number
(e.g., What is 50% of 20), (e) adding or subtracting fractions with like denominators, (f)
multiplying fractions with single-digit numerators and denominators and (g) solving for x
in single step equations (e.g., Solve for x, 3 + x = 5). Unique probes for each of the seven
skills consisted of 30 randomly selected, non-repeating problems.
Reward Menu
The referring teacher was asked to nominate items (e.g., small toys, stickers, pens,
homework pass) and activities (e.g., game time, extra gym or recess time, lunch with
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teacher) for use as programmed reinforcement throughout the study. The final menu
consisted of six different activities (i.e., play a game, lunch with teacher, and walk around
the school) and items (i.e., school-based money to be utilized at the school store,
homework pass, and reward bag; reward bag contained tangible items such as erasers,
pens, scrunchies, stress balls, and putty). The menu was one standard size paper on which
all six reward items were displayed in a 2x3 grid.
Quizlet®
The Quizlet® application was used to deliver the self-managed intervention.
Participants had access to the Quizlet® application via tablets provided by their school.
As part of the Quizlet® application participants had free access to various games and
study modes. Available study modes and games on Quizlet® included Learn, Flashcards,
Write, Test, Match, and Gravity (Quizlet®, 2013). Practice sets containing 30 problems
for each intervention skill set (e.g., convert the decimal .50 to a fraction) were created on
Quizlet® by the author. Each student also received an individualized handout to assist
with their use of the Quizlet® application (example for one participant, Appendix B).
Handouts included descriptions of each tool or game available for use in Quizlet®,
directions for utilizing each study mode and game, and directions for determining which
tool or game to utilize dependent on previous performance on the weekly assessment.
Handouts were created for each of the three intervention skills, such that each participant
received three separate handouts.
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Dependent Variables
Math Performance
The primary dependent variables of this study were math computation fluency
and math accuracy.
Math Computation Fluency. Digits correct (DC), errors, and total problems
correct (TPC) per 4 min were measured as indicators of computation fluency. In each
assessment, the experimenter presented a computation probe and instructed the
participants to complete as many problems as they could in 4 min. The experimenter
instructed the participant to stop working after 4 min and collected the probe. Correct
digits and errors were then counted. A digit was scored as correct if it was both correct
and in the appropriate place in the ones, tens, or hundreds column. Otherwise, the digit
was scored as an error. DCP4M and errors per 4 min were scored for the session based on
DC and errors. TPC per 4 min was scored based on all responses to problems containing
only correct digits. If a problem contained one or more errors, it was not included as a
TPC. All of the correctly completed problems were counted and recorded.
Math Computation Accuracy. The percentage of TPC out of the total number of
problems attempted was measured as an indicator of math computation accuracy. To
obtain a score for each session, the number of TPC as defined above was divided by the
total number of problems attempted in 4 min and the result was multiplied by 100 to
obtain a percentage for each probe administered in the session.
Interobserver Agreement (IOA)
Following each session, the experimenter scored the math probes. Graduate
students in Educational Psychology who did not participate in the initial administration of
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procedures served as independent observers. They received training by the primary
investigator via Zoom due to the COVID-19 pandemic. Training consisted of reviewing
materials, identifying how to score probes, and guided practice scoring an example probe.
Following training they scored a random sample of at least 30% of the completed math
probes to obtain IOA for DCP4M and TPC4M. Agreement was based on both digit
correct and TPC4M according to the definitions given above. Any discrepancy between
observers indicated a disagreement. IOA was calculated by dividing the number of
agreements by the number of agreements plus disagreements for both DC and TPC on
each probe. This number was then multiplied by 100 to establish a percentage for each
outcome for a given session. For Lucy, interobserver agreement was completed for 33%
of probes (n=7) across baseline and intervention. The mean IOA for DCP4M was 95.87%
(range, 93% to 100%) and the mean IOA for TPC4M was 96.6% (range, 90% to 100%).
For Christa, interobserver agreement was completed for 31% of probes (n=7) across
baseline and intervention. The mean IOA for DCP4M was 97.67% (range, 93% to 100%)
and the mean IOA for TPC was 98% (range, 97.5% to 100%). Finally, for Ruth
interobserver agreement was completed for 30% of probes (n=6) across baseline and
intervention. The mean IOA for DCP4M was 94.69% (range, 87.5% to 100%) and the
mean IOA for TPC was 92.47% (range, 77.8% to 100%).
Experimental Design
Treatment effects on math performance were evaluated using a multiple-probe
design to examine the treatment package’s effects on prerequisite skills targeted for
intervention (within participants and across behaviors). A multiple-probe-acrossbehaviors design was selected to reduce potential practice effects. Participants’
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performance on prerequisite skills targeted for intervention and algebra skills were
measured continuously throughout the study for all participants. The experiment was
arranged so that changes in problem types (and thus measured behaviors) were staggered
sequentially within participants once treatment had been initiated for that participant.
Experimental control with a multiple-probe design is established when behavior changes
when and only when treatment is implemented while subsequent baselines remain stable
(Kazdin, 2011).
Procedures
Screening and Selection of Target Skills
Screening was conducted to confirm participants’ eligibility for inclusion in this
study and to identify target skills for each student. Screening began with the experimenter
meeting with the participating teacher to identify participants. Course grades, state
assessment performance (i.e., MAP scores), and work completion (as available) were
discussed during this meeting to identify low performing participants. Lucy, Christa, and
Ruth were identified as participants due to low course grades and infrequent work
completion. Lucy and Christa held a C- in their math course at the beginning of the study.
Ruth held a D and was at risk for failure at the beginning of the study. Each participant
was then assessed with the single-skill basic math facts computation probes. All
participants scored in the low instructional range for multiplication and division. Had
participants scored in the frustrational range for sixth grade (i.e., less than 49 digits
correct per 2-min; Burns et al., 2006) they would have been excluded from the study. All
participants were then assessed with the M-COMP measure to: (a) establish current levels
of performance and (b) identify target skills for intervention. The M-COMP score
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provided a skill level comparison to same-grade peers. Lucy obtained a score of 28
placing her at the 40th percentile. Christa obtained a score of 16 placing her at the 17th
percentile. Ruth obtained score of 20 placing her at the 23rd percentile. All percentiles
were calculated based on performance on a sixth-grade probe for the spring.
Three target prerequisite algebra skills were then selected for each participant
using the following process. The experimenter met with the teacher to discuss potential
prerequisite skills, consider the results of the M-COMP screening assessment, and decide
upon three skills that should be prioritized for intervention. Potential skills for
intervention included: (a) identifying equivalent decimals, fractions, and percentages
(e.g., What is the equivalent fraction for .50, What is the equivalent decimals for 30% );
(b) reducing fractions; (c) combining like terms (e.g., Combine all like terms 2x + 1 + 3x
= 5x + 1); (d) determining a specific percent of a given number (e.g., What is 50% of
20); (e) adding or subtracting fractions with like denominators; (f) multiplying fractions
with single-digit numerators and denominators; and (g) solving for x in single step
equations (e.g., Solve for x, 3 + x = 5). Assessments were conducted for each individual
prerequisite algebra skill to obtain fluency and accuracy scores, beginning with the
easiest skill and progressing to the most difficult skill. Skills for which participants
received TPC scores of 15 or less were prioritized for inclusion. If participants obtained a
score of 15 or below on more than three skills, accuracy scores were utilized to identify
skills most appropriate for intervention. Skills with 0-5% or 90-100% accuracy were
excluded from the study.
Skills selected for Lucy were reducing fractions (TPC = 2; Accuracy = 33%),
converting decimals to fractions (TPC = 4; Accuracy = 50%), and converting fractions to
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percentages (TPC = 11; Accuracy = 69%). Skills selected for intervention for Christa
were converting decimals to fractions (TPC = 2; Accuracy = 7%), reducing fractions
(TPC = 2; Accuracy = 7%), and adding and subtracting integers (TPC = 9; Accuracy =
36%). Skills selected for intervention for Ruth included reducing fractions (TPC = 1;
Accuracy = 25%), adding and subtracting integers (TPC = 7; Accuracy = 50%), and
converting decimals to percentages (TPC = 14; Accuracy = 70%).
Performance-Deficit Analysis
The experimenter conducted a performance-deficit analysis with each participant
(Duhon et al., 2004). To conduct the performance-deficit analysis the experimenter
utilized scores from the initial screening on single-skill prerequisite algebra probes as the
baseline session. Following screening, multiple sessions using contingent reinforcement
on a variable-ratio schedule were conducted to determine whether or if performance
increased significantly from baseline. A significant increase in performance relative to
screening would have indicated a performance-deficit, and no increase in performance
relative to screening would have indicated a skill-deficit. For screening, the experimenter
placed a single-skill prerequisite algebra probe worksheet in front the participant and
instructed them to complete as many problems as they could in 4 min. The worksheets
were scored for fluency and accuracy using the steps described above. All scores were
calculated and recorded, and no feedback was provided to participants.
During subsequent contingent reward sessions, the experimenter placed a singleskill prerequisite algebra probe in front of the participant. The probe contained problems
of the same type (e.g., convert a decimal to the equivalent percent) and similar difficulty
level, but problems differed from screening and/or were arranged in a different order. The
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participant was then instructed that they could earn a reward for meeting a mystery
performance criterion. Predetermined performance criteria were selected using a random
number generator to identify a number falling between [baseline score +1] and [baseline
score x 1.5]. The number was written on an index card and placed in front of the student.
They were prompted to choose a reward from the menu for which they are willing to
work. The menu consisted of the items approved as appropriate by the teacher as
described above. After the participant selected the reward, the experimenter then verbally
confirmed this selection (e.g., “You selected Reward Bag today, is that correct”).
Following the selection of the reward the student had 4 min to complete as many
problems as possible. At the conclusion of 4 min experimenters scored probes for fluency
and accuracy. The participant was then told how many problems they completed
correctly, and the number was compared to the value on the index card. If the
participant’s fluency score (i.e., TPC) met or exceeded the predetermined criterion, the
reward was presented to the participant. If the participant did not meet the criterion, they
were informed that they did not earn the reward today but would have additional
opportunities to earn rewards in the future.
The sessions were conducted a total of three times, once for each of the target
prerequisite algebra skills. After each session, the selected reward was removed from the
reward menu. In the next session, the participant was able to choose from all rewards
minus the selected reward(s) from the previous session(s). This assessment provided a
determination of whether the participant had a skill- versus a performance-deficit as well
as potential activities and/or items that would serve as reinforcers as a part of a
contingency-management program. The results of the analyses indicated that all three
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participants had skill-deficits, as their performance did not improve under the
reinforcement contingency.
Baseline
At the beginning of the baseline condition, the experimenter met with participants
to introduce them to Quizlet® and provide them with a log-on ID. The log-on ID
consisted of the Quizlet® URL and a unique password to access the study set. Participants
were shown the Quizlet® webpage and were informed that Quizlet® is a way to practice
different types of math problems. Participants did not receive any additional materials,
feedback, reinforcement, or training at this point. During weekly individual sessions, the
experimenter assessed math computation fluency (DC and TPC per 4 min) and accuracy
(percent of TPC) for each of the three single-skill prerequisite algebra problems targeted
for intervention continuously throughout this phase.
Quizlet® Intervention
During the intervention phase, the experimenter utilized strategies from Direct
Instruction and explicit instruction to train the participants individually in the use of
Quizlet®. Participants were shown what each feature of Quizlet® was and when they
might be most helpful as a form of practice. The experimenter prompted the participants
to practice a particular target skill over the course of the week and informed them that
they would be able to earn a reward for meeting an unspecified performance criterion
during the assessment that would be conducted in the next session, which took place a
week later. The details of this process are described below. This process occurred for all
three skills and continued until each skill had been practiced and thoroughly evaluated
according to design requirements.
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Quizlet Training. Principles of effective instructional design were utilized to
train participants on the implementation of the Quizlet® application upon entering the
treatment phase of the study. Initial training took place over one 30-min session. During
this session, the author modeled each of the Quizlet® application study tools and games.
For each available mode, the author briefly described the game or tool, branded it as
either a strategy to increase speed or accuracy, and modeled the procedures for using the
selected tool. In the Learn mode participants were prompted to respond to different
question types (flashcards, multiple choice, written). As they responded to items
accurately, they were presented with more difficult-question types (written) and fewer
easy-question types (multiple choice). In Flashcard mode participants reviewed problems
and answers through virtual flashcards. In Write mode answers were prompted based on
displayed problems. Participants input a response, and correct and incorrect responses
were calculated. Feedback was provided and participants were prompted to continue
studying all incorrect responses. Test mode provided an opportunity to evaluate
performance on differing problem types (multiple choice, written, true/false). In this
mode, participants received feedback on their current level of proficiency with problems.
The two remaining games were Match and Gravity. During Match participants attempted
to match problems and answers as quickly as they could. Scores were recorded, and
participants monitored their pace throughout multiple sessions. Participants were
prompted to try and “beat” their time during consecutive session when utilizing Match.
Gravity prompted participants to input responses to problems as quickly as possible
before asteroids fell. As participants progressed through the activity the asteroids began
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to fall at an increasing speed. Participants had the opportunity to select the difficulty level
(i.e., the pace of falling asteroids) of the game prior to starting.
Procedures specific to each tool or game were outlined step-by-step for
participants. During the training participants also received the Quizlet® handout, which
consisted of similar descriptions and directions. After the experimenter modeled the
activity, the participant then practiced using the tool or game while receiving immediate
feedback and error correction from the experimenter. Once each activity was modeled
and practiced, the participant was asked to identify which games they would select if they
were making many errors. Participants responded by selecting an activity on Quizlet®.
Error correction and repetition of initial procedures were conducted for any incorrect
responses (e.g., participant selected “Match” as a strategy for when they are making
many errors). Next, participants stated which game or tool they would select if they were
not making many errors but needed to increase their speed. Again, error correction and
repetition of instructions occurred for any errors. Praise was provided for all correct
answers. Before the completion of the training session participants had to demonstrate
100% accuracy using the application prior the end of the training session. If participants
did not demonstrate 100% accuracy using Quizlet®, a secondary training session occurred
to ensure participants utilized the application accurately during independent practice.
Lucy and Christa required only one training session; Ruth required an additional training
session to reach 100% accuracy. Participants were informed that they should utilize the
tools throughout the week on their Chromebook® and that they would complete a
worksheet the following week to measure improvement. Participants were also informed
that they would earn access to rewards by improving upon their previous scores.
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Since all skills entered the treatment phase in a staggered fashion, brief follow-up
training sessions were conducted prior to introducing the remaining skills into
intervention. During these brief sessions, the experimenter described the new skill, briefly
reviewed the Quizlet ® tools and games, and allowed the participants to ask any questions
they had regarding Quizlet®. Additional instructional handouts for each target skill were
provided to participants at this time.
Establishing Performance Criteria for Contingent Reinforcement. Prior to the
start of the intervention participants were instructed in how rewards could be earned.
Participants had an opportunity to earn a reward contingent on meeting a predetermined
performance criterion each time they met with the experimenter. The criterion for each
session was generated prior to each session using a random number generator that
selected a score between [baseline score +1] and [baseline score x 1.5]. The criterion
therefore changed from session to session and was kept a “mystery” from the participants
until after their performance was assessed. Using a mystery criterion was expected to
maximize performance during the sessions and forestall the likelihood that participants
will only work to the criterion (Kruger et al., 2016).
Quizlet® Practice Sessions. Participants had free access to the Quizlet®
application on their school provided Google® Chromebooks throughout the week. They
also had access to all instructional handouts. They were free to practice as much as they
chose. Initially participants did not receive any reminders or prompts during the week to
practice. A few weeks into the intervention phase two participants, Lucy and Ruth,
requested reminders to practice. Their math teacher provided one weekly reminder that
they could practice using Quizlet® both at home and during free work time in class.
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Experimenters informed participants that they would earn rewards by improving their
performance and meeting or exceeding “mystery” criterion on the individual skill probes.
The criterion for a session was determined based on the student’s performance during
baseline and fell between [baseline score +1] and [baseline score x 1.5]. Throughout the
week participants completed probes for the skills still in baseline and once weekly
completed an assessment day for the target skill during which they also discussed their
use of Quizlet®.
Follow-up Sessions and Assessment. Following a week of Quizlet® practice,
participants met with experimenters for assessment sessions. At the start of the session,
the experimenter presented the reward menu to the participant and prompted them to
select a reward they would like to work for. After the participant selected a reward, the
experimenter verbally confirmed the selection (e.g., “You would like to work for extra
gym time today, is that correct?”) and placed a notecard with the session’s performance
criterion in front of the participant. The participant was then told that they could earn
their selected reward if their performance met or exceeded the number on the paper.
The instructional tasks during this condition were each of the three target
prerequisite algebra skills. Participants completed a contingent-reward session with the
skill most recently entered into the intervention phase. After the student had completed
one of the 4 min probes the experimenter scored the sheet for TPC and provided feedback
to the student. If they met or exceeded the criterion, they received access to the selected
reward. If the student did not meet the criterion, they were informed that they would have
additional opportunities to earn rewards in future sessions but did not gain access to the
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reward today. This assessment also helped participants determine which Quizlet® tools
would be most useful for participants to practice throughout the week.
Following the completion of the assessments the experimenter discussed the
student’s use of Quizlet® throughout the week (i.e., how often they used Quizlet®; which
tools or games they used). Based on the student’s performance on the individual skill
probe the experimenter prompted the student to identify which tools or games would be
most useful to help them improve their performance (i.e., if the student made many errors
they may practice using Flashcards or Learn). The experimenter provided feedback and
correction for incorrect responses or if the student was not certain how to respond.
Treatment Integrity
All baseline, training, and assessment sessions were audio recorded. In order to
assess whether procedures were implemented correctly an independent observer listened
to a random sample of 30% of recorded sessions for each condition (baseline, training,
assessment) and used a condition protocol (i.e., baseline, training, or assessment)
containing procedural steps to steps completed correctly during the session. Copies of the
protocols can be found in Appendices C-F. To calculate treatment integrity, the number
of steps correctly implemented per session was divided by the total number of steps on
the protocol. This number was multiplied by 100 to obtain a percentage. For Lucy, the
mean treatment integrity for the baseline phase was 100% and the mean treatment
integrity for assessment sessions was 92.85% (range, 85.7% - 100%). For Christa, the
mean treatment integrity for the baseline phase was 95.35% (range, 87% -100%) and the
mean treatment integrity for assessment sessions was 100%. Finally, for Ruth the mean

73
treatment integrity for the baseline phase was 100% and the mean treatment integrity for
assessment sessions was 95.23% (range, 85.7% - 100%).
Data Analysis
Visual Analysis
All data for math computation fluency (DCP4M and TPC) and accuracy (TPC)
were graphed and analyzed using visual inspection. Data was examined for changes in
level (i.e., shift in performance upon entering a new phase), trend (i.e., the slope or
systematic increases or decreases in performance), variability (i.e., stability of
performance), and degree of data overlap between baseline and treatment phases (Kazdin,
2011). The timing of behavior change is critical to evaluating whether experimental
control was achieved or not and was therefore also be examined. In a multiple-probe
design, experimental control is achieved through between series analyses; changes in
level, trend, and variability occur only when the target skill has entered into intervention
and remaining skills baselines remain stable. For this study, phase changes occurred
based on achieving stability for TPC.
Effect Size
Effect sizes for the intervention were calculated using Baseline Corrected Tau
(BCT; Tarlow, 2017). BCT is a method of evaluating effect sizes for single-case
interrupted time-series (AB) data and can therefore be used with multiple-probe and
multiple-baseline data when results between-phase results are evaluated within each
series. Effect size estimates describe the strength and direction of the relationship
between variables; however, it does not indicate magnitude of change. Effect sizes also
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provide a common terminology regarding treatment effects that can be utilized to
compare replications of the procedures to previous findings.
BCT overcomes a significant limitation of popular data-overlap methods by
correcting for a trend if one is present phases using the nonparametric Theil-Sen
estimator before calculating the effect size (Tarlow, 2016). Effect sizes are bound
between -1 and +1. Positive values greater than zero indicate a positive association
between the intervention and dependent variable, while a negative value less than zero
indicates a negative association. Effect sizes were interpreted based on the following
categories in which effects are categorized as small (0.00 – 0.20), moderate (0.20 – 0.60),
large (0.60 – 0.80), and very large (0.80 – 1.00; Vannest & Ninci, 2015). Effect sizes
were calculated for TPC per 4 min and TPC accuracy using the online Baseline Corrected
Tau Calculator, accessed online at http://ktarlow.com/stats/tau/.
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Chapter 3: Results
Lucy
Math Computation Fluency Results
Math computation fluency was measured in two ways—total problems correct
and digits correct per 4 min. The results for total problems correct per 4 min (TPC4M)
and errors per 4 min (EP4M) for Lucy are displayed in Figure 1 and Tables 1-2. During
baseline for the first skill (converting decimals to fractions) Lucy’s responding was low
and stable for TPC4M. There was an immediate and large change in her performance
when she began practicing with Quizlet®; the large change in level steadily increased
throughout the phase. Overall, Lucy’s average TPC4M during intervention (M= 23.75,
SD= 3.78) was almost six times higher than her average performance during baseline
(M= 4, SD= 1), and there was no data overlap between phases. For EP4M, Lucy
displayed an increasing rate of errors during baseline. During intervention, there was
more variability in her performance; however, a decreasing trend seemed to be emerging
by the end of the phase. Between the two phases there was considerable data overlap for
errors. Lucy’s average EP4M during intervention (M= 5.67, SD= 1.52) did not differ
from baseline (M= 5, SD= 4.24).
Differentiated patterns of responding between phases also occurred for the second
skill (converting fractions to percentages). During baseline for converting fractions to
percentages Lucy’s TPC4M was relatively stable while there was considerable variability
in EP4M, with the phase ending with a level of errors that was more than double the
number of errors she made in the prior two sessions. Upon intervention, TPC4M
increased in both level and trend, while EP4M overlapped considerably between phases.
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For converting fractions to percentages Lucy’s overall average TPC4M during
intervention (M=20.75, SD= 3.30) was almost double the average for baseline (M=
11.33, SD= 0.56). Additionally, her average EP4M during intervention (M= 4.75, SD=
2.5) decreased slightly from baseline (M= 6.33, SD= 4.16).
During baseline for skill 3 (reducing fractions), Lucy’s responding for TPC4M
virtually doubled after the first session and remained steady throughout the phase. Upon
intervention, a change in level was not apparent until the second measurement session but
remained steady in the following session. Her average TPC4M during intervention (M=
11.67, SD= 2.3) was almost double her average baseline performance (M= 6.25, SD=
2.31). Lucy’s pattern of responding during baseline for EP4M mirrored her results for
TPC4M. Upon intervention, EP4M maintained a similar level with less variability than
baseline, with considerable data overlap occurring between phases. On average Lucy’s
EP4M for skill 3 during intervention (M= 9.33, SD= 1.15) was higher than her average
baseline performance (M= 7.75, SD= 2.62), indicating Lucy made more errors overall
during intervention when compared to baseline.
With respect to experimental control, the results for TPC4M conform to the
desired pattern for the multiple-probe design. During baseline level and trend remain
stable for all three skills with increases in level and trend occurring only once Quizlet®
practice began for that skill with subsequent baselines remaining stable. Moreover,
effects were immediate and large for the first two skills (converting decimals to fractions
and converting fractions to percent). The weakest effect was achieved with the last skill
(reducing fractions), which remained for the longest time in baseline. Quizlet® practice,
however, had little effect on errors.
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Effect size estimates indicate large effects for TPC4M for converting decimals to
fractions (Tau= 0.756, p= 0.052) and converting fractions to percentages (Tau= 0.775, p=
0.050). The effect size for reducing fractions was slightly smaller (Tau= 0.728, p =
0.072). For EP4M, effect sizes were small for converting decimals to fractions (Tau= 0.065, p = 1.000), converting fractions to percentages (Tau= 0.000, p= 1.146) and
reducing fractions (Tau= 0.350, p= 0.459), an indication that errors between the two
phases for all three skills were not really affected by the intervention.
The results for digits correct per 4 min (DCP4M) are displayed in Figure 2.
Results for Lucy’s DCP4M during baseline were stable for the first two skills, converting
decimals to fractions and converting fractions to percentages. Results were increasing for
reducing fractions, the third skill. The apparent increase, however, may largely be a
function of a low initial score in baseline. Following intervention, Lucy’s performance
increased for all three skills. Increases in performance were immediate for converting
decimals to fractions and converting fractions to percentages, while increases for
reducing fractions were slower to materialize and may represent a continuation of an
increasing trend begun in baseline. The means and standard deviations for the baseline
and intervention phases for each skill are displayed in Table 3.
When compared to Lucy’s TPC4M results for converting decimals to fractions
and converting fractions to percentages, Lucy’s DCP4M displayed a similar pattern of
responding in which each skill steadily increased following introduction of intervention.
With regard to reducing fractions, similar to TPC4M, increases occurred more slowly.
Nonetheless, the pattern of results indicates that experimental control was achieved.
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Comparable results between DCP4M and TPC4M suggest that Lucy’s fluency and
accuracy increased as a result of intervention and not a result of extraneous factors.
Accuracy of Problem Completion
The results for Lucy’s accuracy (i.e., TPC4M divided by total problems
attempted, multiplied by 100 to obtain a percentage) are displayed in Figure 3 and Tables
4 and 5. Lucy’s accuracy for converting decimals to fractions was variable during
baseline (ranging from 33% to 50%) and immediately increased during intervention and
further increased by a large margin on the second measurement occasion before
stabilizing above 90% at the end of the phase. Overall Lucy’s average accuracy during
intervention (M= 93%, SD= 14.21) was considerably higher than her average
performance during baseline (M= 47.5%, SD= 8.51). For converting fractions to
percentages, Lucy displayed a higher but variable level of accuracy during baseline.
Following intervention, Lucy’s accuracy largely remained at the same level as the highest
baseline data point with the exception of the second data point during intervention, for
which she scored 100%. Overall, for converting fractions to percentages Lucy’s accuracy
during intervention (M= 81.25%, SD= 9.97) was higher than in baseline (M= 66.33%,
SD= 13.20). For reducing fractions, Lucy displayed an increasing trend for accuracy of
problem completion. Upon intervention, Lucy’s accuracy did not change much relative to
her baseline performance. Overall, on average Lucy’s accuracy during intervention for
reducing fractions (M= 55.33%, SD= 7.64), however, was higher than her average
performance during baseline (M= 42.5%, SD= 8.35).
Lucy’s minimal and variable change in accuracy following introduction to
intervention across all three skills indicates Lucy continued to make mistakes even as she
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responded to more items. Although Lucy’s performance on DCP4M and TPC4M
increased substantially (suggesting improved accuracy), her rate of errors also increased,
which means that accuracy effects were limited to some degree. Effect size estimates
indicate that the Quizlet® intervention had a large effect that approached significance on
Lucy’s accuracy for converting decimals to fractions (Tau= 0.756, p= 0.052) but no
significant effect on Lucy’s accuracy for converting fractions to percentages (Tau= 0.452,
p= 0.285) reducing fractions (Tau= 0.504, p= 0.216).
Christa
Math Computation Fluency Results
The results for TPC4M and EP4M data for Christa are displayed in Figure 4 and
Tables 6 and 7. During baseline for the first skill (converting decimals to fractions),
Christa displayed a low, stable trend for TPC4M. With regard to EP4M, Christa’s initial
data point appears to be an outlier during which Christa attempted all problems.
Subsequent data collection points indicate a lower level of errors which may indicate
responding was under motivational control in which Christa avoided attempting unknown
items and chose to only attempt select items. Following intervention, she displayed an
immediate increase for TPC4M, as well as an increasing trend throughout the remainder
of the intervention phase. Effects for EP4M were less immediate but display a gradual
decreasing trend throughout intervention, eventually reaching 0 by the end of the phase.
Christa’s average TPC4M during intervention (M= 25, SD= 4.18) was considerably
higher (more than 12 times) than her average performance during baseline (M= 2 , SD=
1). Overall, she also displayed lower average EP4M during intervention (M= 5 , SD=
4.18) when compared to her average baseline performance (M=13.67 , SD= 12.42).
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Differentiated patterns of responding between phases did not occur for Christa’s
second skill, integers. The level and trend for TPC4M were stable and there was a high
degree of data overlap between baseline and intervention phases. Overall, for integers
Christa’s average TPC4M during intervention (M= 13.67 , SD= 1.52) was only slightly
above her performance during baseline (M= 10 , SD= 2.65). While there was more
variability in her performance for EP4M during baseline, her performance during
intervention overlapped considerably with baseline. Additionally, Christa’s EP4M during
intervention were never lower than her lowest data point during baseline. Christa’s
average EP4M during intervention (M= 15, SD= 1) was directly comparable to her
average performance during baseline (M= 15, SD= 7.55). However, during intervention
Christa’s EP4M were less variable then her performance during baseline. It is important
to note that for integers, less data than desired was collected in both phases due to
participant’s frequent absences throughout the study. Additionally, Christa initially began
with higher rates of responding for integers, which may have attenuated treatment effects.
It is possible that Christa spent less time practicing these items compared to the other two
selected skills.
Finally, for the third skill (reducing fractions), there was a differentiated pattern of
responding between baseline and intervention phases for TPC4M. During baseline,
Christa displayed a low and steady level of responding. Following intervention, Christa’s
performance improved immediately on the first measurement occasion and even more
(about three times more) on the last two measurement occasions in this phase. Overall,
her average TPC4M during intervention (M= 11.67, SD= 4.93) was considerably higher
than her average performance during baseline (M= 3.2, SD= 0.84). Her EP4M varied a
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lot during baseline. Intervention appears to have had no effect on errors, as the data series
overlap completely between baseline and intervention. Christa’s average EP4M during
intervention (M= 17, SD= 6.24) was comparable to baseline (M= 17.4, SD= 6.62).
With respect to experimental control, the immediate changes in level for each
skill (albeit to different degrees across skills) and stable patterns in subsequent baselines
for TPC4M indicate that experimental control was achieved. Such was not the case,
however, for EP4M, for which there was considerable variability in performance during
baseline and almost entirely overlapping data series for the three skills.
Effect size estimates indicate that the Quizlet® intervention had a large, significant
effect on Christa’s TPC4M for converting decimals to fractions (Tau= 0.732, p= 0.037)
and reducing fractions (Tau= 0.760, p= 0.035), but did not reach statistical significance
for TPC4M for integers (Tau= 0.602, p= 0.190). Intervention had no significant effect on
reducing Christa’s EP4M for any of the three skills converting decimals to fractions
(Tau= -0.398, p=0.294), integers (Tau= -0.178, p= 0.825) and reducing fractions (Tau= 0.099, p= 0.881).
The results for DCP4M are displayed in Figure 5. Just as for TPC4M, results for
Christa’s DCP4M during baseline indicate her performance was low and stable for
integers and reducing fractions, unlike her first skill (converting decimals to fractions) for
which she displayed more variability throughout baseline. Christa’s performance
increased for converting decimals to fractions and reducing fractions, while her
performance on integers during intervention overlapped completely with baseline.
Increases in performance were most immediate for converting decimals to fractions,
followed by reducing fractions. The means and standard deviations for the baseline and
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intervention phases for each skill are displayed in Table 8. The limited effects for integers
means that experimental control was not achieved.
Accuracy of Problem Completion Results
The results for Christa’s accuracy are displayed in Figure 6 and Tables 9-10. For
converting decimals to fractions Christa displayed an increasing trend during baseline.
Following intervention, Christa’s accuracy increased immediately and displayed an
increasing trend throughout intervention. By the end of the intervention phase for
converting decimals to fractions Christa had reached 100% accuracy. Overall, Christa
displayed a higher average accuracy of problem completion during intervention (M=
83.4%, SD= 14.04) than in baseline (M= 17%, SD= 14.18). However, it is important to
note the increasing trend shown in baseline. For integers Christa displayed quite a bit of
variability in accuracy during baseline. Results in the intervention phase are entirely
overlapping with baseline results. The average accuracy of problem completion during
intervention (M= 47.67%, SD= 2.08) was only slightly above baseline (M= 42.67%, SD=
19.85). For reducing fractions, during baseline Christa displayed a low trend for accuracy
of problem completion. Following intervention, accuracy improved by the second
measurement session and improved further in the last measurement session. Christa
displayed a higher overall average accuracy of problem completion during intervention
(M= 41.33%, SD= 3.56) than in baseline (M= 16.8%, SD= 7.12). Results for accuracy of
problem completion mirror those of TPC4M, indicating that as Christa answered more
problems her errors remained low. In spite of strong, positive effects for decimals to
fractions and reducing fractions, the lack of effect for integers indicates that experimental
control was not achieved.
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Effect size estimates indicate that the Quizlet® intervention had a large significant
effect on Christa’s accuracy of problem completion for converting decimals to fractions
(Tau= 0.732, p= 0.037) However, for integers (Tau= 0.258, p= 0.663) and reducing
fractions (Tau= 0.646, p= 0.072) there was no significant effect on Christa’s accuracy of
problem completion following intervention.
Ruth
Math Computation Fluency Results
The results for TPC4M and EP4M for Ruth are displayed in Figure 7. The results
indicate virtually no effect for either outcome for Ruth for any of the skills. The baselines
for all skills were quite variable and data points during intervention overlapped entirely
with baseline results, with perhaps a little less variability. Descriptive statistics in Table
11 indicate consistent differences between conditions, favoring the intervention condition
over the baseline condition. But, the differences were not significant between phases
indicating responding was not under discriminative control of the Quizlet® intervention.
With respect to experimental control, the considerable data overlap between phases
indicate that experiment control was not achieved.
Effect size estimates (Table 12) indicate that the Quizlet® intervention had no
significant effect on Ruth’s TPC4M for converting decimals to fractions (Tau= 0.350, p=
0.459), integers (Tau= 0.816, p= 0.085), or reducing fractions (Tau= 0.508, p= 0.145).
Similarly, effect size estimates indicate that the intervention did not have a significant
effect on Ruth’s EP4M for converting decimals to fractions (Tau= -0.265, p= 0.589),
integers (Tau= 0.283, p= 0.639) or reducing fractions (Tau= -0.199, p= 0.604).
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The results for digits correct per 4 min (DCP4M) are displayed in Figure 8. There
was less variability in the baselines for DCP4M relative to TPC4M, but the results were
largely the same. The intervention produced no effect. Descriptive statistics in Table 13
further reveal that Ruth’s rate of responding did not change between phases and
responding remained stable between phases. These results correlate with TPC4M in
which the intervention did not impact performance, further indicating experimental
control was not established for Ruth.
Accuracy of Problem Completion Results
The results for Ruth’s accuracy are displayed in Figure 9 and Tables 14-15.
Similar to DCP4M and TPC4M, accuracy of problem completion had a high degree of
overlap between phases with intervention data points exceeding baseline only for
integers. The intervention produced no effect on accuracy of problem completion for
Ruth. Descriptive statistics in Table 14 further reveal that while average accuracy was
slightly higher during baseline for integers and reducing fractions, Ruth’s performance
across phases was relatively stable with only slightly less variability during intervention
which results in higher average accuracy.
Effect size estimates confirm the findings for visual analysis, indicating that the
Quizlet® intervention had no effect on increasing Ruth’s accuracy of responding for
integers (Tau= 0.596, p= 0.150), converting decimals to percentages (Tau= 0.000, p=
1.183) and reducing fractions (Tau= 0.359, p= 0.300).
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Chapter 4: Discussion
The purpose of this study was to examine the efficacy of an algebra intervention
package that was delivered via an online learning tool (Quizlet®) to improve four middleschool students’ prerequisite algebra skills. To be successful in algebra, students must
perform several complex computations (e.g., convert decimals to fractions, identify and
combine like terms, apply properties of equality) with varying degrees of difficulty
(Cates & Ryhmer, 2003; CCSSO, 2010; Fey & Smith, 2017; Rakes et al., 2010; Welder,
2007). Students who have difficulty with mastering prerequisite skills are at-risk for
failing algebra (Stewart & Reeder, 2017). Thus, the intervention in the current study was
designed to increase both accuracy and fluency of prerequisite component algebra skills
(i.e., decimals, fractions, like terms) through the application of various evidence-based
instructional-design strategies. While these strategies align with instructional programs
such as DI, explicit instruction, and PT, in the current study they were applied as a
remedial intervention using technology to address participants’ individual deficits outside
of general classroom instruction. The intervention package consisted of purposeful
practice, contingent reinforcement, and instructional and motivational accommodations
based on students’ current levels of proficiency, all delivered through Quizlet®, a free
online learning tool. The intervention was created based on previous research indicating
that remedial interventions should first focus on increasing purposeful practice
opportunities. Adding various instructional and motivational strategies (e.g., modeling,
prompting, corrective feedback) has been shown to further the potency of remedial
interventions.
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It was expected that training students to utilize an intervention package consisting
of strategies consistent with these instructional-design principles delivered via Quizlet®
would improve students’ fluency and accuracy on prerequisite algebra skills. The study
was designed to address the research question will a self-managed Quizlet® intervention
package improve middle school students’ fluency and accuracy with prerequisite algebra
skills? To answer this research question a multiple-probe-across-skills design was utilized
to examine the effects of Quizlet® on student’s fluency and accuracy with prerequisite
algebra skills. Participants received an intervention package consisting of explicit
instruction on how to utilize the Quizlet® intervention, immediate performance feedback
(provided by both Quizlet® and the data collectors during assessments) and received
positive reinforcement following improvement in performance.
Research Question
Considerable research has shown that technology as an efficient and effective
method for delivering interventions and instruction to students (Bryant, Ok, Kang, Kim,
Lang, Bryant & Pfannestiel, 2015; Gross & Duhon, 2013; Musti-Rao & Plati, 2015;
Musti-Rao, Lynch, & Plati, 2015). Furthermore, effective instructional and remedial
strategies (e.g., purposeful practice, contingent rewards, modeling) when packaged and
delivered via technology, have been shown to increase both fluency and accuracy of math
computation skills (e.g., addition, multiplication; Bryant et al., 2015; Gross & Duhon,
2013; Maccini et al., 2002; Wenglinsky, 2005). Although the literature has indicated that
technology can be efficiently utilized to address academic skill-deficits (Musti-Rao &
Plati, 2015; Musti-Rao, Lynch, & Plati, 2015), little research has been conducted in the
area of algebra and prerequisite algebra skills. This is alarming considering that research

87
in secondary math has shown the critical role algebra proficiency has on later
achievement and success in both college and future careers (Duncan et al., 2007; Burns,
Walick, Simonson, Dominguez, Harelstad, Kincaid, & Nelson, 2015). Furthermore, only
24% of twelfth-grade students met or exceeded proficiency standards in math by the
culmination of their high school career (NAEP, 2019). These twin realities highlight the
critical need to develop and evaluate effective and efficient interventions to address
deficits in algebra. Therefore, the current study sought to evaluate the effectiveness of an
intervention package consisting of empirically derived instructional strategies delivered
via technology (i.e., Quizlet®) to improve middle-school students’ fluency on prerequisite
algebra skills.
It was hypothesized that through the use of Quizlet® students’ fluency on
prerequisite algebra tasks would improve. The results confirmed this hypothesis,
demonstrating that additional practice with Quizlet® outside of standard instructional
times produced significant improvements for both problem completion as well as
accuracy; students completed both more total problems and those problems completed
were more accurate when compared to baseline performance in both experiments. While
the specific use of Quizlet® to address deficits in prerequisite algebra skills was novel, the
results are consistent with previous research demonstrating that intervention packages
consisting of effective instructional and remedial strategies (e.g., modeling, prompting,
error correction, immediate feedback) delivered via technology increased students’
fluency on various math tasks (Burns, Kanive, & DeGrande, 2012; Gross & Duhon,
2013).
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Through various study tools and games available on the Quizlet® application,
students were provided with increased meaningful practice opportunities, during which
students received modeling, prompting, and error correction to increase their accuracy
and reduce errors on target math problems. Furthermore, providing contingent
reinforcement and altering problem types and difficulty levels led to increases in rate of
responding. Results of the current study support previous research indicating that these
instructional elements, derived from effective instructional design principles (e.g., PT,
explicit instruction, Direct Instruction), are effective for remediating skill-deficits (Baker
et al., 2002; Chiesa & Roberston, 2000; Doabler et al., 2015; Gersten et al., 2009; Roberts
& Norwich, 2010; Witzel et al., 2003). Furthermore, previous research on math
applications and technologically mediated interventions has found computers and tablets
to be effective platforms for delivering such strategies (Gross & Duhon, 2013).
Specifically, Chang and colleagues (2015) compared the differential effects of a math
application performed on a computer versus a paper-pencil intervention with comparable
items. Researchers found that the math application group performed significantly higher
than the paper-pencil group. Results of the current experiments further support this
finding, as the Quizlet® intervention was delivered via participants’ Google
Chromebooks®. This seems to be a novel study, as a review of the literature failed to
produce any published studies have that investigated the use of Quizlet® to deliver a
prerequisite algebra intervention; thus, further research is needed to determine whether
the results of these experiments can be replicated across students, skills, academic
subjects, and settings (e.g., additional grades, schools).
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For two of the three participants, Lucy and Christa, there was a clear pattern of
differentiated responding between baseline and intervention phases across multiple skills.
Results of the study also indicate that improvements in performance were maintained
over time, as Lucy and Christa’s performance improved and remained consistently high
throughout the entire intervention phase, even as instruction was withdrawn from prior
skills. Anecdotally, all three participants stated they enjoyed using Quizlet®, as it was an
easy way to practice math. However, for Lucy and Christa, for one skill each (reducing
fractions and integers, respectively) the effects of Quizlet® were both less immediate and
less significant when compared to the other two skills. This suggests that Lucy and
Christa may have needed additional support for these two skills in the form of either
additional practice on Quizlet® or supplemental intervention in addition to Quizlet®.
Previous research has shown the potential benefits of increasing treatment potency
through the addition of peer support (Wexler et al., 2015; Kunsch et al., 2007), increased
practice time (Burns et al., 2014; Hughes et al., 2017), and teacher support prior to and
following independent practice (Erchul & Martens, 2010). Future research should
examine modifications to technology-based remedial interventions when limited effects
are achieved. Future studies could add additional intervention strategies incrementally to
determine the least intensive intervention package necessary to improve students’
performance on target skills.
No positive effects of the intervention were found for Ruth for any of the skills,
indicating that Quizlet® is not universally effective for improving prerequisite algebra
skills. One reason for this might have been related to differences in the delivery and
response requirements between practice versus assessment. The Quizlet® intervention
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allows for multiple methods of practice including multiple-choice, forced response (i.e.,
matching), and open-ended responses. While some of these methods (e.g., open-ended
responses) were similar in format to the demand characteristics of the assessment (writing
responses), many of the Quizlet® tools and games provided response options which
varied significantly from the kind of written responses required by the assessments.
Ruth’s failure to generalize improved responding during Quizlet® practice to the
assessments may have been due to this reason. Direct observations of Ruth’s use of
Quizlet® by the primary investigator indicated that she had accurately utilized the various
study tools and games and was able to accurately respond to prompts. However, during
paper-pencil assessments Ruth did not even correctly answer items she answered
correctly on Quizlet®. Anecdotally, Ruth stated that the items on the computer appeared
to be different from the paper-pencil assessments. Therefore, it is possible that Ruth’s
skills were improving but not generalizing to the different response demands of the
assessments.
The amount of time Ruth spent independently practicing may also have been a
factor. During this experiment data on frequency of practice outside of sessions was not
collected, which meant that no conclusions could be drawn regarding how often Ruth was
utilizing the intervention independently. It may be that Ruth was not practicing with
Quizlet® outside of training sessions. Anecdotally, participants did request reminders and
their teacher allowed practiced time during free work in class, however this did not occur
until about halfway through the study. Additionally, reinforcement contingencies may not
have been motivating enough to address performance deficits; in other words, Ruth may
not have been motivated to practice outside of training sessions. Furthermore, Ruth was
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the only participant verified for special education services for reading and mathematics.
No screening was done to examine reading ability and Ruth’s deficits may have impacted
her ability to use the Quizlet® intervention independently. Given the independent
application of this intervention, these results may indicate utility at a Tier I or II level
intervention versus Tier III. Future research should include reading measures in screening
process as well as examine the utility of the intervention implemented within the
classroom as a Tier I or II intervention.
These results are consistent with other studies examining differences between
computer-based and paper-pencil assessments (Shapiro, Dennis, & Fu, 2015; Tomasik,
Berger, & Moser, 2018). For example, Shapiro et al. (2015) found that a Computer
Adaptive Test (STAR-Math) was a better predictor of student outcomes on the
Pennsylvania System of School Assessment than Curriculum-Based Measurement
(CBM). Participants completed both the Aimsweb® CBM and STAR-Math once a month
for a total of seven months. Researchers measured total problems correct and equated for
grade-level performance based on percentile ranks for both measures. Results indicate
that performance on the STAR-Math better predicted performance on the PSSA than the
CBM especially when utilizing single-data points immediately preceding the PSSA as
compared to slope. Furthermore, research has found there may be significant differences
in students’ performance even when comparing computer and paper-pencil assessments
with high construct validity (Kroehne et al., 2019).
Ruth’s failure to generalize, however, is more than just a measurement issue.
Future studies should examine potential intervention strategies to improve generalized
performance when students fail to generalize across response platforms when technology-
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based remedial interventions are used. For example, both antecedent and consequent
strategies may be employed to increase generalization. Strategies such as providing
antecedent cues, reinforcement for approximations, and practice across platforms (i.e.,
providing students with worksheets to utilize simultaneously with technological platform)
added to the Quizlet® intervention may help to increase likelihood generalization across
platforms would occur (House Rich & Duhon, 2014; Weinstein & Cook, 1992).
Remedial interventions at the secondary level need to address the unique context
and constraints in which this population functions. Specifically, students’ growing
independence and teachers’ limited resources should be considered when selecting and
implementing an intervention. Upon entering secondary education students are expected
to take on more responsibility by managing their own learning (Hill & Chao, 2009) while
teachers simultaneously have less time and resources available throughout the day
(McLeod & McKinnon, 2010). The use of computers or tablets to deliver academic
intervention packages is a time and resource efficient option for secondary education
settings. Math interventions delivered via technology are easily accessible and provide
immediate feedback and systematic error correction, which has been shown to improve
academic performance (Bryant et al., 2015; Musti-Rao & Plati, 2015; Musti-Rao, Lynch,
& Plati, 2015). This hypothesis was supported by the results of the experiments reported
here. Through the administration of frequent antecedent strategies (e.g., modeling,
prompting) and immediate feedback via technology, students’ performance on target
math tasks improved significantly from baseline performance.
Overall, the results may be particularly useful for secondary education courses in
which some students have difficulty with prerequisite skills. The efficient nature of
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Quizlet®, the minimal amount of resources needed for implementation, and the
immediate effects make Quizlet® a viable method for delivering remedial interventions in
school settings in which teachers do not have a lot of time to devote to remediating skilldeficits themselves. Training students to use Quizlet® took only 30 min on average
completed in one initial session with minimal booster sessions which took less than 10
min. The minimal time and resources necessary for the Quizlet® intervention is a
significant advantage within the classroom especially when considering the constraints of
secondary education such as frequent classroom transitions, increased self-monitoring,
and increased variability between students ability within one singular class. When
compared to interventions delivered by instructors within the classroom, Quizlet®
requires less instructor monitoring while still providing immediate feedback. Teachers
could use Quizlet® class-wide to both address individual skill and performance deficits
across students and increase frequency of immediate feedback provided to students
during independent work time.
Anecdotally, most participants stated they preferred practicing with Quizlet®
rather than practicing with typical worksheets or other flashcard interventions. Future
research should compare the use of the Quizlet® intervention package to alternative
intervention delivery methods (i.e., flashcards, worksheets) to further examine the
efficacy and acceptability of Quizlet® when compared to traditional methods of remedial
intervention. Futhermore, research should examine possible effects of dosage related to
implementation of the Quizlet® intervention package. Additionally, by offering choice
between Quizlet® and alternative interventions, researchers could further examine the
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social validity of Quizlet® relative to other intervention strategies for both students and
teachers.
Although the results of the current study indicate that the Quizlet® intervention
package was effective and had an impact on student’s fluency with prerequisite algebra
skills, results should be interpreted within the constraints of the study's limitations as
described above. Due to the novel nature of this study, future studies should not only
address these limitations but replicate methods to build the evidence base. Future studies
should replicate the study across students (e.g., at different grades), settings (e.g.,
alternative schools, geographical locations, high school), and math skills (e.g.,
precalculus, geometry, etc.) while examining how the Quizlet® intervention package can
be modified to improve generalized outcomes for a broader cross-section of students.
Limitations
In addition to the limitations noted above, several limitations of the current study
should be considered when interpreting the results of the current study. First, the phases
for both baseline and intervention were shorter than ideal. Brief phases may have
impacted the stability of students’ performance. The brief phases in the study mean that
caution should be exercised when interpreting the results. Additionally, maintenance data
were not collected for either experiment. Thus no conclusions may be drawn regarding
the maintenance of skills over time. It will be critical for future studies to collect
maintenance data to examine the stability of effects over time. Additionally, no social
validity data from the student participants and the teacher was collected. Due to increased
independence and self-managed interventions in secondary education settings, future
studies should examine the social validity of Quizlet® for both students and teachers.
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It is also plausible that typical classroom instruction and supplemental math
supports impacted student outcomes. Although the participating teacher indicated that
selected target skills were not being directly instructed in the classroom, two of the four
participants across the experiments received supplemental math support during the week.
It was reported that these supports were targeting differing skills, however one student
reported asking for additional support on one of the target skills during this time. The
additional support the student received may have led to improved performance on the
weekly assessments. Due to the composite nature of algebra it is possible that typical
classroom instruction revisited target skills as well, even though they were not the focus
of instruction. Further, the teacher may have provided additional support to these
participants as the intervention itself served as a prompt for the teacher to provide
additional prompts and feedback. Future studies should further examine the impact of the
intervention during typical classroom instruction by conducting behavioral observations
during classroom instruction. It is possible that participants receiving the intervention
may have also sought out additional support during typical classroom instruction leading
to even more support for both target skills and more complex algebra tasks. Although the
potential for the Quizlet® intervention to occasion further support from the teacher may
represent a possible confound from an experimental standpoint, it certainly represents a
useful educational outcome for the student. Future studies could examine whether
independent practices with technology-based interventions leads to other behaviors like
seeking additional support.
While the results indicate that the intervention package as a whole was
efficacious, no data were collected on the individual use of specific study tools or games.
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Since Quizlet® provides students with the opportunity to choose from seven different
games or tools, it is possible that the participants used different tools or games to
practice. Future studies should examine the effects of individual components of the
intervention package including both the tools and games available within Quizlet® as well
as the contingent rewards, prompting, and feedback in a systematic way to determine the
individual impacts of each strategy for individual students. For example, while one
student may only need additional opportunities to practice and thus the use of any
specific study or tool utilized may not differentially impact performance, another student
may require prompting and thus Learn or Flashcards should lead to the greatest impact on
performance.
Finally, as mentioned above the method of practice and assessment may be a
limiting factor in the interpretation of the results. While practice occurred on the
computer, assessments were administered via a paper-pencil format. The use of paperpencil assessments may have impacted the results of one participant, Ruth, who made
statements about the difficulty she had practicing on the computer but completing an
assessment paper. To determine if the method of assessment impacted the results future
studies may compare paper-pencil assessment to computer-based assessment.
Conclusion
The purpose of this study was to examine the impact of a Quizlet® intervention
package on middle-school students’ performance on prerequisite algebra tasks. The
current findings support the hypotheses that the Quizlet® intervention package is an
efficacious strategy for improving students’ performance on prerequisite algebra tasks.
The principal findings was that purposeful practice opportunities via the Quizlet®
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application improved performance on prerequisite algebra tasks. Furthermore, the effects
of the intervention appeared to be immediate indicating the efficiency of the intervention.
Moreover, the Quizlet® intervention package also appears to be an efficient strategy for
remediating skill-deficits in math for middle-school students. Thus, access to a selfmanaged computer-based intervention appears to be a simple, effective strategy for
improving student performance, particularly for students in need of remedial
interventions. This has significant implications for future research on both interventions
for math at the secondary level and the use of technology as a medium for self-managed
remedial interventions.
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Tables
Table 1
Means and Standard Deviations of Lucy’s Total Problems Correct & Errors per 4 min
Skill
Baseline
TPC4M
Errors
Mea
SD
Mean
SD
n
4
1
5
4.24

Decimals
to
Fractions
Fractions
11.3
0.56
6.33
to
3
Percentag
es
Reducing
6.25
2.31
7.75
Fractions
Note. SD = Standard Deviation.

Intervention
TPC4M
Errors
Mean
SD
Mean
SD
23.75

3.78

5.67

1.52

4.16

20.75

3.30

4.75

2.50

2.62

11.67

2.30

9.33

1.15
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Table 2
Results of Quizlet Intervention on Lucy’s Total Problems Correct per 4 min
Skill
Effect Size
Tau
p
0.756
0.052

Decimals to
Fractions
Fractions to
0.775
0.050
Percentages
Reducing
0.728
0.072
Fractions
Note. A baseline correction was not used for Lucy.
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Table 3
Means and Standard Deviations of Lucy’s Digits Correct per 4 min
Skill
Baseline
Mean
SD
21.75
17.55

Decimals to
Fractions
Fractions to
22.67
1.15
Percentages
Reducing
14.33
8.62
Fractions
Note. SD = Standard Deviation.

Intervention
Mean
SD
54
3.60
44

5.48

29.50

5.19
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Table 4
Means and Standard Deviations of Lucy’s Accuracy
Skill
Baseline
Mean
SD
47.50%
8.51

Decimals
to
Fractions
Fractions
66.30%
13.20
to
Percentage
s
Reducing
42.50%
8.35
Fractions
Note. SD = Standard Deviation.

Intervention
Mean
SD
93.00%
14.21
81.25%

9.97

55.33%

7.64
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Table 5
Results of Quizlet Intervention on Lucy’s Accuracy
Skill
Effect Size
Tau
p
0.756
0.052

Decimals to
Fractions
Fractions to
0.452
0.285
Percentages
Reducing
0.504
0.216
Fractions
Note. A baseline correction was not used for Lucy.
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Table 6
Means and Standard Deviations of Christa’s Total Problems Correct & Errors per 4 min
Skill
Baseline

Decimals
to
Fractions
Integers
Reducing
Fractions

Intervention

TPC4M
Mea
SD
n
2.00
1.00

Errors
Mean
SD

TPC4M
Mean
SD

Errors
Mean
SD

13.67

12.42

25.00

4.18

5.00

4.18

10.0
0
3.20

2.65

15.00

7.55

13.67

1.52

15.00

1.00

0.84

17.40

6.62

11.67

4.93

17.00

6.24

Note. SD = Standard Deviation.
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Table 7
Results of Quizlet Intervention on Christa’s Total Problems Correct
Skill
Effect Size
Tau
p
0.732
0.037

Decimals to
Fractions
Integers
0.602
0.190
Reducing
0.760
0.035
Fractions
Note. A baseline correction was not used for Christa.
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Table 8
Means and Standard Deviations of Christa’s Digits Correct per 4 min
Skill
Baseline
Mean
SD
17.67
12.50

Decimals to
Fractions
Integers
24.33
1.52
Reducing
11.17
1.64
Fractions
Note. SD = Standard Deviation.

Intervention
Mean
SD
54.60
4.03
27.00
27.00

3.00
9.84
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Table 9
Means and Standard Deviations of Christa’s Accuracy
Skill
Baseline
Mean
SD
17.00%
14.18

Decimals
to
Fractions
Integers
42.60%
19.85
Reducing
16.80%
7.12
Fractions
Note. SD = Standard Deviation.

Intervention
Mean
SD
83.40%
14.05
47.67%
41.33%

2.08
3.56
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Table 10
Results of Quizlet Intervention on Christa’s Accuracy
Skill
Effect Size
Tau
p
0.732
0.037

Decimals to
Fractions
Integers
0.258
0.663
Reducing
0.646
0.072
Fractions
Note. A baseline correction was not used for Christa.
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Table 11
Means and Standard Deviations of Ruth’s Total Problems Correct per 4 min & Errors
Skill
Baseline

Intervention

TPC4M
Mea
SD
n
7.33
2.56

Errors
Mean
SD

TPC4M
Mean
SD

Errors
Mean
SD

13.67

6.51

9.00

1.41

10.00

4.78

Decimal
to Percent

9.75

6.50

11.25

7.27

14.50

0.71

9.50

0.70

Reducing
Fractions

2.83

1.72

8.67

4.97

4.00

0.00

7.67

3.21

Integers

Note. SD = Standard Deviation.
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Table 12
Results of Quizlet Intervention on Ruth’s Total Problems Correct
Skill
Effect Size
Tau
p
0.350
0.459
0.816
0.085

Integers
Decimal to
Percent
Reducing
0.508
0.145
Fractions
Note. A baseline correction was not used for Ruth
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Table 13
Means and Standard Deviations of Ruth’s Digits Correct per 4 min
Skill
Baseline
Mean
SD
13.00
7.81
24.75
4.93

Integers
Decimal to
Percent
Reducing
9.50
5.24
Fractions
Note. SD = Standard Deviation.

Intervention
Mean
SD
18.50
4.65
31.00
1.73
11.33

1.52
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Table 14
Means and Standard Deviations of Ruth’s Accuracy
Skill
Baseline
Mean
SD
37.67%
10.78
47.25%
31.72

Integers
Decimal to
Percent
Reducing
27.50%
13.75
Fractions
Note. SD = Standard Deviation.

Intervention
Mean
SD
50.00%
13.37
60.5%
3.53
35.33%

12.74
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Table 15
Results of Quizlet Intervention on Ruth’s Accuracy
Skill
Effect Size
Tau
p
0.596
0.150
0.000
1.183

Integers
Decimal to
Percent
Reducing
0.359
0.300
Fractions
Note. A baseline correction was not used for Ruth.
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Figures
Figure 1
Lucy’s Math Computation Fluency- Total Problems Correct per 4 min
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Note. Y-axis indicate total number of items per worksheet
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Figure 2
Lucy’s Math Computation Fluency- Digits Correct
Quizlet Intervention

Baseline

60
50
40
30
20

Decimal to
Fraction

10
0
1

3

5

7

9

11

13

15

17

19

21

23

25

27

29

31

33

35

60

Correct Digits per 4 min

50

40

30

20

Fraction to
Percent

10

0
1

3

5

7

9

11

13

15

17

19

21

23

25

27

29

31

33

35

60
50
40
30
20

Reducing
Fractions

10
0
1

3

5

7

9

11 13 15 17 19 21 23 25 27 29 31 33 35

Instructional Days

142
Figure 3
Lucy’s Accuracy of Problem Completion
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Figure 4
Christa’s Math Computation Fluency- Total Problems Correct per 4 min

Note. Y-axis indicate total number of items per worksheet
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Figure 5
Christa’s Math Computation Fluency- Digits Correct
Quizlet Intervention
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Figure 6
Christa’s Accuracy of Problem Completion
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Figure 7
Ruth’s Math Computation Fluency- Total Problems Correct per 4 min
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Figure 8
Ruth’s Math Computation Fluency- Digits Correct
Quizlet Intervention
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Figure 9
Ruth’s Accuracy of Problem Completion
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Appendices
Appendix A
Example Single Probe Worksheet
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Appendix B
Individualized Quizlet Handout Example
Quizlet Games
**All problems in the set are adding and subtracting integers**
Games to help you practice
Learn:
• The addition or subtraction problem is displayed
• Four different numbers are displayed
• Select the correct answer
Flashcards:
• Look at the flashcard
• Say the answer aloud or write it down
• Check your answer by clicking on the card
Write:
• The problem is displayed
• Type in the number it equals
• Click submit and check your answer
Games to help you get faster
Gravity:
• Numbers will fall quickly
• Type in the answer before the meteor hits the ground
Matching:
• Match the problem and the answer as quick as you can
• Play multiple times to beat your time!
Games to check your progress
Test:
• Practice answering the questions
• Identify any questions that you got incorrect and check for the correct answer
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Appendix C
Performance-Deficit Analysis Protocol

Materials
q A stack of single-skill math worksheets (the same as baseline)
q Reward Menu containing only items from the preference assessment that
were not selected in previous reward sessions
q Index card with criterion number of math problems to earn a reward (see
directions below)
q Writing utensils for the student and examiner
q Timer
Preparation
q To select the criterion number of math problems needed to earn a reward,
randomly select a number between the following two numbers:
§ (1) the [baseline score + 1] and (2) [the baseline score * 1.5]
§ Randomization can be done through a random number
generator app or Microsoft Excel®
q Place the index card face down on the desk in front of both the student and
you. Do not allow the student to turn it over until step 5.
q Place the reward menu on the table between the student and you.
Procedures
q 1. Say, “You can earn a reward for doing math problems this time. At the
end of the session, I will turn over this index card. [POINT TO THE
INDEX CARD]. If you complete at least as many problems as the number
on the other side of this card, you will be able to choose a reward of your
choice from this menu. Which reward would you like to work for today?”
[SHOW THE MENU AND ALLOW THE STUDENT TO CHOOSE A
REWARD]
q 2. Present the first worksheet to the student saying, “Let’s see if you can
earn the reward by completing enough math problems in 2 minutes. Start
with the problems on this worksheet. When you complete it, take another
worksheet from this pile and work on those problems. Do as many as you
can in 2 minutes.”
q 3. Ask the student if he or she has questions. Explain the task as necessary
and when you are confident he or she understands the task, say, “You can
begin” and start the timer. If the student asks for help or seeks your
attention, say, “Just do your best.”
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q 4. At the end of 2 minutes, say “Time is up.” Collect the worksheets and
score the number of problems completed.
Performance Feedback and Reward Delivery
q 5. Tell the student how many problems he or she completed. Turn over the
card and state the number for the student, pointing to the card.
o Compare the criterion to the number completed by the student,
pointing out which is larger (the criterion or the number of
problems completed by the student) or if they are equivalent.
q 6. Give feedback to the student saying:
o Met or exceeded the goal – “You met the goal and earned the
reward. Good job!”
o Did not meet the goal- “I’m sorry, but you did not meet the goal
today. You will get another chance to earn a reward of your
choice another time.”
q 7. Deliver the reward or allow access to the chosen activity if the student
met the goal.
q 8. Record the selected reward on the data collection sheet and remove it
from the reward menu regardless of whether or not the criterion was met.
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Appendix D
Baseline
Materials
q Directions
q Math worksheets
q Graph sheets
q Timer
q Audiocassette recorder
Preparation
q Ask the student to be seated at a desk or table, depending on the location, so that you can give
directions.
Presenting Math Worksheets
q 1. Place the stack of math worksheets on the desk so they are readily accessible to the student
but are not directly in front of the student, saying to the student “I am putting math
worksheets here so you can easily reach them. Are they close enough for you to reach
them?” If the student says “no,” reposition the worksheets and ask the question again. When
the student replies, “yes,” or the equivalent, follow the next step.
q 2. Take the first worksheet from the stack of worksheets and present it to the student saying,
“All of the problems are _______(INDICATE TYPE OF PROBLEMS) (DISPLAY FOR
STUDENT). When I say ‘begin,’ take a worksheet from the stack and begin answering the
problems. Start on the first problem on the left on the top row (POINT). Work across and
then go to the next row (DEMONSTRATE WITH HAND GESTURES). If you can’t answer
a problem, make an ‘X’ on it and go to the next one. If you finish one worksheet, select
another one and continue. You can choose to do as much or as little work as you would like
or nothing at all. Do you have any questions?” If the student says, “no,” proceed to the next
step. If the student says, “yes,” answer all questions that s/he has.
q 3. Say, “Okay, begin” and start the timer. Supervise the student’s work completion. Make
sure the student is working in correct order rather than just picking out the easy ones. If the
student is not working in the correct order, say, “Remember, work across the row before
going on to the next one.”
q 4. At the end of 3 minutes, say, “Stop” and collect the worksheet(s).
q 5. Complete steps 1-4 for each of the three problem types
q 5. Say, “We are done for the day, you may go back to your classroom.”
q 6. Record the following information on the Data Record Sheet:
o Problems Correct
o Errors
o Session date
o Your initials
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Appendix E
Quizlet Training Protocol
Materials
q Directions
q Students tablet/computer
q Reward Menu
q Data Sheet
q Student Instruction Sheet
q Audiocassette recorder
Preparation
q Ask the student to be seated at a desk or table, depending on the location.
q As the student is being seated, turn on the audiocassette recorder. State the date, student’s
name, and the phase being conducted (e.g., Training).
q Make sure all phones and calculators are put away.
q Provide student with scratch paper and student instruction sheet
Quizlet Training
q 1. Have student open up their computer and access the internet, saying to the student “Today
we are going to practice some math problems using an online learning tool. These games
and practices will help you improve your math scores.” Have student access Quizlet.com on
their tablet/computer, saying to student “Have you ever utilized any programs online to help
you learn math?” Briefly discuss any apps or games students have used before for math,
inquiring about their experience, asking about how they felt about the game or app (i.e., did it
help them improve their math scores).
q 2. Once the student is on Quizlet.com, search for the link_________, saying to the student
“You will want to use these tools to help you practice math problems, all of the problems are
____ (STATE SPECIFIC MATH SKILL). You can use these instructions at home to help
remind you of what we discuss today.”
q 3. Flashcards
o Modeling
§ A. Say, “These flashcards will help you practice solving these math
problems. You can use these to identify which problems you do not
know how to solve.”
§ B. Click on the first card and say, “View the card and practice saying
the correct response to yourself or write it down. Check your answer
and then move on to the next card”
o Student Practice
§ Say, “Now I want you to try using the flashcards. Begin working on
this next set.” (POINT TO NEXT SET ON SCREEN)
§ If student accurately complete the steps, say “Great job working on the
flashcards” and move on to next task. If student does not accurately
complete the steps, say “Let’s try practicing again” and complete steps
3A-B again.
q 4. Gravity
o Modeling
§ A. Say, “This game will help you become faster at solving these math
questions. Use this game when you do not have many errors.”
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§

o

B. Open the game and say, “Begin playing the game by selecting, easy,
medium, or hard” (POINT TO SCREEN). “You may want to begin at
the easy stage and move up to hard as you practice more.”
§ C. Show the student how to enter answers as the asteroids fall.
Student Practice
§ Say, “Now I want you to try playing the game. Begin working on this
next set.” (POINT TO NEXT SET ON SCREEN)
§ If student accurately complete the steps, say “Great job playing the
Gravity game” and move on to next task. If student does not accurately
complete the steps, say “Let’s try practicing again” and complete steps
4A-C again.

q 5. Matching
o

o

Modeling
§ A. Say, “This matching game will help you practice answering math
questions. Use this game when have many errors.”
§ B. Open the game and say, “Begin playing the game by selecting, easy,
medium, or hard” (POINT TO SCREEN). “You may want to begin at
the easy stage and move up to hard as you practice more.”
§ C. Show the student how to enter answers as the asteroids fall.
Student Practice
§ Say, “Now I want you to try playing the game. Begin working on this
next set.” (POINT TO NEXT SET ON SCREEN)
§ If student accurately complete the steps, say “Great job playing the
Gravity game” and move on to next task. If student does not accurately
complete the steps, say “Let’s try practicing again” and complete steps
4A-C again.

q 6. Testing
§

Open up app and say to student, “This will give you an
opportunity to practice answering math problems. This will help
you identify which problems you need to practice more.”
q 7. Check student comprehension of practice tools, saying, “If you made many
errors, which game would you to help you make less errors?”
o If student answers correctly provide praise and move to step 8.
o If student inaccurately responds say, “If you are making many errors you
will want to use the test or flashcards games to help you identify which
problems you need to practice more.”
q 8. Check student comprehension of practice tools saying, “If you made few
errors, but need to become faster, which game would you choose?”
o If student answers correctly provide praise and move to step 9.
o If student inaccurately responds say, “If you are making few errors you
will want to use the gravity or matching games to help you become
faster.
q 9. Thank student for practicing saying, “You will now be able to use these
strategies at home to help you practice math problems. Please use these
strategies as much or as little as you think you need to help you practice.”
o You will earn rewards for improving your score on math worksheets
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§

We will meet weekly to check your progress. If you improve your
score by meeting or beating the number in this envelope you will
earn access to a reward.
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Appendix F
Assessment Sessions
Materials
q Directions
q Math worksheets – for intervention skill
q Graph sheets
q Timer
q Audiocassette recorder
Preparation
q Ask the student to be seated at a desk or table, depending on the location, so that you can give
directions.
q As the student is being seated, turn on the audiocassette recorder. State the date, student’s
name, and the phase being conducted. (If you have already started recording state: “Now
completing the reward protocol”
Progress monitoring and Reward for Worksheet 1

q 1. Place a stack of math worksheets on the desk so they are readily accessible to the
student and the experimenter, but are not directly in front of the student, saying to the
student “We are going to start today by doing some math problems. You will be able
to earn a reward at the end of today’s session. Which reward option would you like
to work for?” Present the student with the reward menu. Once the student has chosen
a reward, say, “You chose [STATE THE REWARD]. On each card in my hand is a
number. Pick one of the cards in my hand and lay it here [POINT TO A SPOT
OUT OF THE WAY OF THE MATERIALS]. To earn [STATE THE REWARD],
you have to get more problems correct than the number on the card you pick. We
will look at the number on the card after you’re done practicing your math. Do you
have any questions?” If the student says “no,” proceed to the next step. If the student
says “yes,” answer all questions that s/he has. During initial sessions, check for
comprehension by asking the student about the procedure to be sure s/he understands
prior to telling him/her to begin.
q 2. Say, “I am putting math worksheets here so you can easily reach them. Are they
close enough for you to reach them?” If the student says “no,” reposition the
worksheets and ask the question again. When the student replies “yes,” or the
equivalent, proceed to the next step.
q 3. Take the first worksheet from the stack of worksheets and present it to the student
saying, “All of the problems are ____ facts [DISPLAY FOR STUDENT]. When I
say ‘begin,’ take a worksheet from the stack and begin answering the problems. If
you don’t know the answer, give your best guess. While you are working on math
problems, I will be over here [POINT] working on some paperwork. Do you have
any questions?” If the student says, “no,” proceed to the next step. If the student
says, “yes,” answer all questions that s/he has.
q 4. Say, “Okay, begin” and start the timer. At the end of 4 minutes, say, stop the
timer and say, “Time is up.” Collect all the work the student completed.
q 5. Say, “Now let’s see if you earned [STATE THE NAME OF THE CHOSEN
REWARD]. The number on the back of the card is ___. You got ___ problems
correct. You did/did not beat that number.”
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o If the student completed more problems correctly than the number on the
back of the card, provide the student with the reward (tangible) or access
to the reward for 5 minutes (activity).
o If the student did not complete more problems correctly than the number
on the back of the card, say “I’m sorry, but you did not meet the goal
today. You will have a chance the next time we meet, though.”
q 6. Say, “When we meet again next time, we will talk about your math performance
today and you will have the opportunity to practice more math problems to try and
earn a reward.” Allow the student to go back to class.
q 7. Record the following information on the Data Record Sheet:
o Accuracy (# of problems correct/# of problems attempted x 100)
o Digits correct
o Errors
o Session date

